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Chapter 1 Background and objectives 
Nepal is an agricultural country, which provides livelihoods to 68% of its population. 
Agriculture is a major economic activity contributing 34% to the country’s GDP. 
Agriculture in Nepal is subsistence type with small land holdings and poverty being major 
social constraints. Inappropriate fertilization application, soil erosion in hills and 
mountains, nutrient mining, and cropping intensities are major technical problems.  
Topographically, Nepal is divided into three major regions of lowlands in south, mid-
hills in middle and mountainous region in the north of the country. Mid-hills of Nepal 
constitute of 65% of total agricultural land, which are often practiced into steep terraces.  
Soil fertilization in mid-hills of Nepal is largely done with the application of locally made 
organic fertilizer in the form compost or farmyard manure. In recent years, use of 
chemical fertilizers has been in rise, but still considerable number of farmers use and are 
dependent in organic fertilizers to maintain soil fertility. Farmers rely on locally made 
organic fertilizers as chemical fertilizers are hard to access and is in shortage during 
planting seasons. At the same time, locally made organic fertilizers is often believed to 
be of inferior quality, lacking in essential nutrients, affecting the soil fertility status and 
agricultural productivity in mid-hills of Nepal. 
Agriculture is a priority sector for uplifting prosperity of many farmers in mid-hills 
of Nepal, which can be achieved by better soil fertility management practices. 
Subsequently, it is of upmost importance to understand the prevailing conditions and 
constraints in low quality of organic fertilizers, so that approaches could be developed for 







understand the prevailing conditions and constraints in maintaining the quality FYM in 
mid-hills of Nepal, 2) To develop approaches for enhancing the quality of FYM and 3) 
To suggest possible recommendation approaches for enhancing quality of FYM. 
Chapter 2 Current conditions and constraints on maintaining soil fertility in    
mid-hills of Nepal 
Soil fertility in mid-hills of Nepal has been largely maintained with application of 
locally made organic fertilizers namely farmyard manure or compost. It has been reported 
that organic fertilizers in mid-hills of Nepal are of inferior quality, lacking in essential 
nutrients such as nitrogen, phosphorus, and micronutrients due to inadequacy of technical 
knowledge and management strategies. Generally, cow manure is the main component 
for making farmyard manure. Fresh cow manure contains high nitrogen content and if not 
efficiently composted can cause loss of nitrogen in various forms. This nitrogen loss can 
cause environmental problem and effect the final quality of compost.  
This study focuses on knowing the present conditions and constraints in productions, 
application of organic fertilizers for agricultural sustainability in mid-hills of Nepal. This 
study was conducted based on questionnaire survey, interviews, group discussions and 
field visits in 13 Village Development Community (VDC) of Dhankuta District which 
lies in the eastern mid-hills of Nepal. Additionally, manure samples were tested for their 
maturity, nutrient content, and pathogenicity. The results showed that all the famers in the 
study area used organic fertilizer in their farm; most of them also used chemical fertilizers 
but use of potassium fertilizer was less. Loss of nutrients and heat through runoff or 
leaching was a major problem as most of the farmers used heap method for composting 
in open, with improper methods used. The amounts of organic manure produced increased 







of organic manure corresponded to number of crops cultivated in the year irrespective to 
maturity of manure. Self-heating test and C/N ratio of manure samples showed that 
farmers used immature manure resulting in lower mineral content and presence of 
pathogens. It was concluded that immaturity, low nutrient content and pathogenicity of 
the manure were three major problems in management and application of farmyard 
manure in the study area. Therefore, the research focused on developing strategies for 
overcoming these three problems. 
Chapter 3 Enhancing fermentation of farmyard manure using Bacillus sp. in    
mid-hills of Nepal. 
Composting is a process where transformation of organic matter is carried out by 
microbial decomposition producing nutrient rich fertilizer, reducing the presence of 
pathogens, and overcoming the phytotoxicity of non-stabilized organic matter. Microbial 
community of various population in aerobic condition carries out the biodegradation of 
organic matter and plays a major role in decomposition and humification process of it. 
Microbial inoculation has been reported to have a positive and significant effect on 
composting process. Bacillus sp. is a thermophilic bacterium and has been reported to 
have positive effects in composting providing high value compost and reduce the amount 
of composting process.  
An experiment was conducted to determine the action of Bacillus sp. as an inoculant 
for composting to see its effects in better degradation and mineralization of organic matter. 
Bacillus sp. inoculant extracted from locally available rice husk and rice straw was added 
in the composting material. A small-scale composting experiment was conducted for 60 
days. Compost samples were sampled at regular interval for analysis. Additionally, a plant 







the development of plant. The experimental results showed that Bacillus sp. was 
influential in enhancing the fermentation process with better decomposition of organic 
matter and mineralization. Furthermore, heat generated during the process helped in 
elimination of pathogenic bacteria (E. coli). The results of growth experiment showed 
application of Bacillus sp. is good for development of plants. With the outcomes it can be 
said that Bacillus sp. as an inoculant can be effective in better compost, minimizing 
composting time and inactivation of pathogens. 
Chapter 4 Reducing loss of nitrogen during cow manure composting with adding of     
rice husk biochar  
Nitrogen losses in the forms of ammonia and nitrous oxide emission are major causes 
for low nitrogen content in cow manure compost. In addition, nitrogen losses decrease 
the agronomic value of compost. In this study, rice husk biochar was added in cow manure 
to assess its effects on reducing nitrogen losses. Rice husk biochar is a product of 
thermochemical reaction in limited oxygen supply resulting in a product with micro-pores 
and large surface area with negative charge. A small-scale composting experiment was 
designed and conducted using cow manure for a period of 60 days. Gases released were 
measured periodically with static gas chamber method. In addition, total nitrogen content 
and C/N ratio were analyzed. The experiment results showed that the loss of ammonia 
which is in peak during initial stages were lower in the treatments added with biochar. 
The addition of biochar reduced the emission of nitrous oxide. Furthermore, total nitrogen 
content and C/N ratio were better in biochar added treatments. The obtained results may 
be attributed to the fact that micro-pores and negative charge in rice husk biochar 
adsorbed the nitrogenous compounds. Additionally, biochar increased retention of 







humification of organic matter. The results indicated that biochar could be a good medium 
in reducing the nitrogen loss and increasing agronomic value during composting of cow 
manure. 
Chapter 5 Heat activation and survival of pathogens with application of rice husk 
biochar during cow manure composting 
Compost, which has undergone appropriate treatment or fully matured, can be safe 
amendment for use in agriculture as inadequately treated or immature compost can have 
risk of pathogens that could contaminate agricultural products and cause health risk. 
Escherichia coli 0157:H7 (E. coli) is one of the most significant and common pathogens 
found in fresh cow manure and are responsible for many food-borne diseases. During 
composting process organic matter is broken down by microbial metabolic activity to 
produce heat which plays an important role in inactivation of pathogens. Therefore, it is 
significant that heat gets evolved during composting process for safe compost produced. 
The objectives of this study are to see the effects of adding rice husk biochar in heat 
generation and distribution in a compost pile during a composting process. Subsequently, 
effecting the inactivation of pathogenic E. coli. A composting experiment was conducted 
and the temperature data at various depth of compost were recorded using data loggers. 
Change in organic matter degradation was calculated by determining volatile solid index. 
According to the results obtained, biochar enhanced organic matter degradation. 
Subsequently, biochar added treatments had higher temperature gain for larger 
distribution and longer periods. Thermal inactivation coefficient and D-value of E. coli 
0157:H7 was determined. Addition of biochar increased thermal inactivation coefficient 
and D-value for pathogens. Understanding the D-value and z-value of pathogens can be 







of pathogenic E. coli 0157:H7 showed that temperature above 50º C for a period of 2 days 
was effective in rapid decrease in survival rate. It was also observed that area or zone 
within the compost pile having sublethal temperatures, had presence of pathogen. Turning 
or mixing of compost pile was suggested as one of the approaches for inactivation of 
pathogens, which depended on temperature and lethal temperatures zones in the 
composting pile. Moreover, biochar increases the porosity, making aerobic conditions for 
enhanced microbial activity for increased heat and distribution for inactivation of 
pathogens. 
Chapter 6 Conclusions and recommendations 
Soil fertility management practices is significant in maintaining and improving soil 
quality and fertility. In mid-hills of Nepal, use of organic fertilizers in the form of 
farmyard manure and compost are used for maintaining soil fertility. However, the quality 
of organic fertilizer used is considered of low quality. Therefore, this study dealt in 
understanding the conditions and constraints in low quality fertilizers so that strategies 
could be developed for enhancing composting process. According to the results of field 
survey and samples tested of the research site, it was understood that use of immature 
fertilizers was one of the major problems associated with use of organic fertilizers. Use 
of immature fertilizers have resulted in low nutrient content and high pathogenicity. It 
was speculated that lack of microbes during the start of composting, loss of nitrogen and 
heat generation and loss during composting process are some of the problems associated 
with low quality of organic fertilizers in mid-hills of Nepal. Accordingly, an experiment 







quality. The results indicated that use of Bacillus sp. is a useful strategy for better and 
faster decomposition and mineralization of compost. 
Rice husk biochar was used in composting of cow manure to see its effects on 
reduction of nitrogen losses through gaseous emission in the form of ammonia and nitrous 
oxide. Additionally, it was also speculated that adding of rice husk biochar enhances 
microbial metabolism resulting in increase of heat generation. Accordingly, the 
experimental results showed that rice husk biochar is efficient in reducing nitrogen loss 
and also increasing heat generation during composting process. During composting heat 
generation is significant in degradation of organic matter and survival of pathogenic 
microbes E. coli. 
For sustainable agriculture in mid-hills of Nepal, use of matured organic fertilizers is 
crucial. Hence, farmers should be educated on importance of using fully decomposed or 
matured compost. Consequently, farmers should be trained on possible approaches for 
achieving it. With the outcomes of this study, use of Bacillus sp. and rice husk biochar 
are recommended as a strategy for better composting in mid-hills of Nepal. Therefore, 
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1.1.1 Introduction of Nepal and mid-hills of Nepal 
Nepal is a small landlocked country located in South Asia. It lies between 28.3949°N, 
89.1240°E latitude and longitude respectively. Nepal shares its international boundary 
with China in north and India in south, east and west of the country. Nepal’s total land 
area is 147,181 km2 and is divided into three major physiographic regions of mountains, 
mid-hills and lowlands. 
Figure 1.1 Map of Nepal and the world 
The mid-hill region is a major portion of Nepal and accounts for 43% (FAO, 1992) of 
the total land area. It is centrally located with high mountains (Himalayan range) in the 







the country. Mid-hills region of Nepal has altitudinal range in between 500 m to 3000 m.   
Accordingly, the climate and vegetation show a great variation over a very short distance 
and give rise to ecological diversity and complexity. In general, the area rises towards 
north, to the main Himalayan mountain ranges, and up to 30% of these slopes are 
converted traditionally into terraces, which are extensively cultivated. 
                    Figure 1.2 Physiographic regions of Nepal 
1.2 Agriculture in Nepal and mid-hills of Nepal 
1.2.1 Features and challenges of agriculture in Nepal and mid-hills of Nepal 
Agriculture is Nepal's principal economic activity and employs approximately 64.5% 
(MoAD, 2015) of the population. Consequently, agriculture sector contributes 28% to the 
national GDP (NRB, 2018). Agriculture in Nepal is subsistence type, with average land 







unavailability of appropriate and modern technologies, where increasing cropping 
intensities without well planned fertilization application have been major problems faced 
by the farmers. 
The mid-hills region of Nepal contains 65% of total cultivated land of the country, out 
of which 62% of the land area depends on rain-fed irrigation system. Table 1.1 shows the 
distribution of farmers and land holdings according to physiographic region of Nepal. 




Area of farm 
(1000 ha) 
Avg. farm size 
(ha) 
Mountain 260.7 176.8 0.68 
Mid hills 1,135.7 1,046.20 0.77 
Terai 1,117.60 1,374.30 1.26 
Total 2,514.00 2.597.3 0.9 
Source: Central Bureau of Statistics (CBS), 1991/1992 
The traditional farming practices of the region have evolved into a complex system 
where livestock husbandry, forestry and arable cropping are practiced together, and any 
change in one component will exert a significant effect upon the others (Mahat, 1985). 
The difficult topography and climatic variation make the farming system extremely labor 
intensive. Soil degradation through nutrient depletion is a serious issue in mid-hills of 
Nepal (Lal, 2000). Soils in mid-hills have low content of nitrogen and phosphorus (Shah 
and Schrier 1991; Brown 1997; Westarp et al., 2004). Furthermore, soil erosion is a 
continuing problem, particularly in the areas that are deforested and intensively cultivated. 
The number of land holding has increased in recent years, resulting in decreased average 







cultivated in mid-hills of Nepal are maize, paddy, wheat, millet, and vegetables. Livestock 
forms an important part of agriculture in mid-hills of Nepal. The number of livestock in 
Nepal per person is highest in Asia (LRMP, 1986). Livestock plays a major role in transfer 
of basic plant nutrients from the forest and grasslands to cultivated land, in the form of 
manure.  
1.2.2 Factors contributing to soil fertility decline in mid-hills of Nepal 
Nutrition depletion in soils adversely affects soil quality and fertility which ultimately 
reduces crop yields. Consequently, this poses a potential threat to food security and 
sustainability to agriculture. Soil fertility decline has been highly recognized as a 
limitation for crop production in mid-hills of Nepal. This has been a major challenge for 
sustaining agricultural production. Several natural and man-made factors are responsible 
for decline in soil fertility. Tripathi, 2019, states that soil fertility status of mid-hills of 
Nepal is low. Major causes responsible for overall soil decline in mid-hills of Nepal are, 
1) Soil fertility management practices 
Low quality and quantity of organic fertilizer application has led to depletion of 
organic matter and nutrient balance of the soil. Imbalance in use of chemical fertilizers 
and pesticides has resulted in soil degradation, including reduced organic matter, hardness 
of soil structure, acidification, micronutrient deficiencies and deterioration of soil and 
water qualities. 
2) Soil erosion 
Soil loss through erosion from agricultural land in hills of Nepal varies from 2 to 105 
t/ha/year. It has been estimated that, in terms of nutrient lost through soil erosion, 5/t/ha 
of soil loss leads to 75kg/ha of organic matter, 3.8 kg/ha of nitrogen, 10kg/ha of potassium 







3) Traditional agricultural methods 
Nepalese agriculture uses traditional methods of farming due to lack in technological 
advancements. Table 1.2 shows the traditional manuring methods practiced in mid-hills 
of Nepal. 
Table 1.2 Traditional manuring methods practiced in mid-hills of Nepal 
Manuring type Practices /methods 
1. In-situ a. A system where cattle and buffalo shed are kept in field 
b. Migratory sheep and goats kept in open field during fallow 
period 
2. FYM and compost a. Heap and pit method 
b. With manure and leaf/litter and agricultural residues 
c. Carry from animal shed to cultivated land before 
ploughing 
3. Legume crop  a. Planting legumes in rotation  
4. Short fallow period a. Leaving land fallow once in every 3-4 yrs. 
5. Burning of organic 
matter and crop residues 
a. Before ploughing for potato 
b. Common in shifting agriculture 
6. Slicing and burning of 
terrace risers 
a. Almost every year when terrace risers are without grass 
7. Green manuring a. Paddy field with wild shrub like Adatoda vasica, 
Arteminia vulgaris etc. well before planting 
8. Trapping of flood water a. During rainy season before/ after planting of paddy in the 
field 
Source: Sthapit et al., 1989; Subedi et al., 1989 
Continuous and intensive cultivation of crops without addition of enough soil 
organic matter in hilly terraces are causing sharp decrease in soil organic carbon and low 







the production of major crops to meet the food demand for its rapidly growing population. 
However, deterioration of soil quality by erosion, nutrient mining and fragmentation of 
land has caused a decreasing trend in soil fertility (Tripathi et al., 1999). Additionally, use 
of traditional farming methods has resulted in low production. Farmers are not skilled in 
modern methods of farming. Dependence on rainwater for irrigation and use of primitive 
agricultural practices are also a concern in depletion of soil fertility in mid hills of Nepal.  
1.2.3 Soil fertility management practices in mid-hills of Nepal 
Two principal practices for maintaining soil fertility in mid-hills of Nepal are 
application of farmyard manure (FYM), compost and/ or application of chemical 
fertilizers (Pilbeam et al., 2005). FYM and compost are the main sources of plant nutrients 
and organic matter to the soil in upland farming system of mid-hills in Nepal (Shrestha, 
2009). The introduction of chemical fertilizers started in Nepal in early 1960`s. Before 
the introduction of chemical fertilizers, soil fertility in mid-hills of Nepal was principally 
maintained with organic fertilizers in the form of FYM (Pandey and Joshy, 2000). 
Nepalese hill farmers have been recycling FYM and compost (a mixture of crop residues, 
animal manure, forest litters and other organic wastes) to maintain soil fertility (Tripathi 
and Tuladhar, 1997). In recent years, there has been increased use of chemical fertilizers 
and less dependence on organic fertilizers. However, chemical fertilizers are not readily 
available in the country and accessibility is difficult particularly in hilly regions (Bhattarai 
et al., 1987). Nepal does not produce any chemical fertilizers and is fully dependent on 
imports. Chemical fertilizers imported is not in surplus quantity. Ghimire, 2008, reported 
that the annual average fertilizer requirement in Nepal to replenish the soil nutrition is 
310kg/ha but only 29kg/ha is added to the soil. In addition, the quality of chemical 







fertilizers adds economic burden on the farmers as most of the farmers have poor 
economic background. Farmers in mid-hills of Nepal has realized that continuous 
application of chemical fertilizers, without addition of FYM, resulted in aggravated soil 
degradation, ultimately resulting in productivity decline (Mathema, 1999). The low 
technological knowledge of farmers associated with maintaining soil fertility and 
resource constraints to adapt rational management practices has increased the problems 
of land degradation and soil fertility deterioration in mid-hills of Nepal. 
The number of livestock per person is highest in Nepal amongst the developing world 
and has high potential for production of organic manures in the form of farmyard manure 
and compost. Therefore, the use of locally available organic manures should be promoted 
in mid-hills of Nepal. The most significant contribution of organic manures is its long-
term effect in maintaining soil fertility. Organic manures maintain and improve soil 
structures. It also increases the organic content of the soil, improves water-holding 
capacity, and reduces loss of nutrients in light soils. In heavy soils, organic matter 
improves porosity, reduces water runoff and soil erosion (Lascina et al., 1987). Organic 
manures are easily adapted to agricultural operations because farms generally produce 
suitable amounts and types of waste for composting, have adequate land, will benefit from 
the application of manures to the soil, and have the necessary equipment available. 
1.2.4 Features of manure management in mid-hills of Nepal 
Crop and livestock farming are a common practice in Nepal, where, fertility in the 
mid-hills of Nepal is largely maintained by FYM application, which are the main external 
sources of plant nutrients (Sherchan and Gurung 1996). The amount of manure applied 
varies greatly with land and crop type (table 1.3). However, there are two major issues 







This is due to recent changes in more profit oriented agricultural system, diverted the 
farming practice to mono-cropping and reduced the number of livestock of farmers, which 
served as a continuous source of FYM (Shrestha et al., 2000). 
Table 1.3 Amounts of manure applied for different crops in mid-hills of Nepal 
Source mt/ha Crop Land type 
Heuch (1986) 3-21 - - 
Baogun (1989) 58 Maize Upland field 
Subedi and Gurung (1991) 20-28 Maize/millet Upland field 
Subedi and Gurung (1991) 0-23 Rice Lowland field 
The supply and quality of FYM have been constantly declining due to reduced 
livestock herd size maintained by the farmers due to shortage of labor, and gradual 
decrease of grazing lands and land holdings (Poudel and Thapa, 2001). Manure prepared 
by most of the farmers is of low quality through poor decomposition due to inappropriate 
methods used for preparation (Subedi et al, 1995). Less application and low quality of 
FYM applied has resulted in decreased soil organic matter in the soil affecting the 
biological, chemical, and physical properties of soil. It has been considered as one of the 
greatest challenges for sustainable soil management in mid-hills of Nepal. Most of the 
farmers do not cover their composts, which results in heat and moisture loss resulting in 
slow degradation of organic materials and increased survival rate of pathogenic microbes. 
Furthermore, farmers practice direct application of animal manure. Such practices are 
susceptible to loss of nutrients through nitrogen volatilization, runoff and leaching 
causing environmental and health problems. In recent years, the production of farmyard 
manure is in decline. Less application of farmyard manure has led to decline in soil 







and phosphorus content of compost in mid hills is also considered low (Joshi et al., 1995). 
FYM has its positive impact on soil fertility if it is properly decomposed and matured. 
The application of partially decomposed manure can have imbalance in nutrients, which 
can be carried away through leaching and runoff causing environmental problems. 
Insufficiently fermented manure can harbor pathogens such as E. coli 0157:H7, a 
microorganism that is normally present in intestinal tract of animals (Chung-Ming et al., 
2005). This bacterium will easily propagate in surrounding environment and can be 
harmful to the environment once being discharged with excrement (Saito et al., 2006). 
Additionally, pathogens can be easily transported by surface runoff along with soil 
sediments during heavy rainfall or by percolation into groundwater (Yagura et al., 2006). 
In rural areas, there is lack of infrastructure for clean and safe drinking water. River water, 
streams are the main source of drinking water. Only five percent of people in rural areas 
of Nepal have access to safe drinking water (CBS, 1995). Thus, a proper treatment of cow 
manure before applying to farmlands is a big concern. The quality and stability of 
compost is important for maintaining soil fertility and increasing productivity. C/N ratio, 
composting temperature, pH of finished compost, nutrient content, and the presence of 
potential pathogens are some of the important parameters used to assess the quality and 
stability of organic fertilizer. Therefore, there is need to understand the prevailing 










Figure 1.3 Heap type composting generally practiced in mid-hills of Nepal 
 









Figure 1.5 Eutrophication of pond nearby composting heap 
1.3 Approaches for enhancing quality of organic fertilizers in mid-hills of Nepal 
1.3.1 Microbial inoculation for improved composting process 
It has been well documented that soil microbiome plays an important role in 
biodegradation of organic substrates to specific and precise stages (Rycekeboer et al., 
2003). Among the composting microorganisms, bacteria, actinomycetes and fungi forms 
the major groups. Bacteria are the most diverse group involved in composting process, 
using broad range of enzymes to chemically degrade a variety of organic matters 
(Rycekeboer et al., 2003). Microbial inoculation has been reported to have a positive and 
significant effect on composting process. Microbes plays a major role in decomposition 
and humification process of organic matter. Microbial inoculum is added to compost pile 
to provide high value compost and reduce the time of composting process (Awasthi et al., 
2014). The presence of adequate microbial population in a composting pile promotes the 
degradation of organic matter which is affected by environmental conditions. Inoculation 







composting properties increasing the quality of compost (Gaind and Pandey, 2005). Ji et 
al., 2006, states that some compounds such as polyphenols, sugar and amine compounds 
are enhanced by microbial activity, which promotes in formation of humus. Microbial 
inoculation increases the population of microbes and cause the production of desired 
enzymes, leading to fundamental changes and transformation of compounds in a 
composting process resulting in reduced emission of odorous gases (Ohtaki et al., 1998). 
Shin et al., 1999, reported that inoculation of garbage with specific microorganisms 
increased microbial activity and reduced pH. Several naturally occurring microorganisms 
are able to convert organic waste into valuable resources such as plant nutrients and 
reduce the C/N ratio to support soil productivity. These microorganisms are also 
important to maintain nutrient flows from one system to another to minimize ecological 
imbalance (Novinsak et al., 2008; Umsakul et al., 2010). Composting process involves 
three phases of mesophilic, thermophilic and maturation, and is driven by diverse 
microflora such as bacteria, fungi and actinomycetes. Bacillus sp. are ubiquitous and 
predominant microbes found in composting process and have been isolated from diverse 
compost samples. They are described as thermophilic, aerobic, or facultative, gram 
positive, rod shaped, flagellated motile bacteria (Vargas et al., 2004) with a wide 
ecological diversity. Bacillus sp. are spore forming microorganism and have ability to 
grow in unfavorable conditions. Bacillus sp. are also known to produce extracellular 
polysaccharide hydrolyzing enzymes. 
A lag time of several days occurs at the start of the composting period before the 
compost pile temperatures reach thermophilic levels. This lag time is required by 
microorganisms to grow and develop. Application of Bacillus sp. at the start of 







of inoculant to the initial compost mix eliminates the need for the microbial population to 
grow and develop. It also improves the decomposition throughout the process; enhancing 
efficient degradation of the compost material which improves the quality of the final 
product. 
Nakasaki et al., 1994, reported that thermophilic bacteria from Bacillus species (B. 
licheniformis) can effectively break down the protein and prevent the loss of initial pH 
levels during composting simulating the activity of other thermophilic bacteria. 
According to Li et al., 2015, composting of crop residue with Bacillus sp. resulted in 
better decomposition of compost. Bacillus sp. also helps in enhancing the quality of 
compost (Kuroda et al., 2009). Bacillus sp. also helps in development of plant by 
suppressing diseases and improving plant growth (Toyota and Watanabe, 2013). Xi et al., 
2009, developed a inoculum which contained Bacillus species, cellulytic and white rot 
fungi which was effective at accelerating decomposition, reducing the release of odorous 
gases and stabilizing compost product. Chen and Stamler, 2006, showed that inoculation 
of compost pile with cellulytic and heat resistant microorganism could lead to rapid 
degradation and improvement of quality of the compost, and decrease in maturity time of 
compost. Therefore, to improve the quality of the compost and achieve higher levels of 
composting stability and maturity, high performance microorganisms should be used at 
early stage of composting to make humification process faster and complete. However, it 
has also been reported that significant improvements were not seen when same inoculum 
was used in the composting of different wastes (Barenna et al., 2006). According to 
Baheri and Meysami, 2002, inoculum size, competition amongst the microorganisms is 








1.3.2 Biochar for enhancing composting process 
Biochar is a solid product of thermal decomposition of organic material at temperature 
below 900 degrees under oxygen deficit conditions (Ahmad et al., 2014; Lehmann and 
Joseph, 2009) produced for environmental or agricultural application. Biochar enjoys a 
considerable interest in overcoming numerous environmental problems, such as 
enhancing soil quality, lowering greenhouse gas emission, decreasing concentration of 
CO2 in atmosphere, and solving problems of contamination of soils and waters (Ahmad 
et al., 2014, Hussain et al., 2016). Biochar is characterized by having micropores, large 
specific surface area, porosity, and functional groups in its surface. The functional groups 
in the biochar surface increases the adsorption capacity of the biochar. Ions, water, 
proteins, and other substances are drawn into the micropores by capillary and microbial 
actions. These are stretched into thin films, which coats inner surfaces, and support 
microbial metabolism. All those features make biochar a potentially good material in the 
optimization of the process of compost and enhance final compost quality. However, it 
has also been reported that the property of biochar is a primary factor affecting the 
functions of biochar (Jindo et al., 2020). Subsequently, biochar type, application rate and 
purpose of using biochar needs to be explored. Biochar in soil is said to improve soil 
properties like ion exchange capacity, porosity, water holding capacity, retention of 
nutrients and enhancing microbial activity (Hussain et al., 2016). We speculate these 
characteristics of biochar will alleviate composting process, for solving the problems 










Figure 1.6 Scanning electron microscopic image of rice husk biochar 
            (Source: Samsuri, 2014) 
 
 
Figure 1.7 Benefits of applying biochar during composting 









1.3.3 Nitrogen losses reduction with biochar application 
Nitrogen has a significant role during composting process since it has valuable but also 
has harmful effects if released to the environment. The major challenge in composting is 
conservation of nitrogen, one of the major nutrients in raw compost material, mainly animal 
manures. Loss of nitrogen not only reduces the agronomic value of final compost, but also 
contributes to greenhouse gas emission. Primary nitrogen transformation processes include 
mineralization of organic nitrogen NH4
+, nitrification of NH4
+ to NO3
-
 , and denitrification 
of NO3
- to N2O and N2.  NH3 emission is one of the major forms of nitrogen loss during 
composting process, whereas losses in the form of N2O is significant as N2O is a major 
greenhouse gas. Nitrogen is the nutrient that has received the most attention in composting, 
as it could be lost significantly during the composting process.  
 
Figure 1.8 Nitrogen transformation during manure composting                           
(adopted from Wu et al., 2012) 
A: Ammonification; I: Immobilization; M: Mineralization; 
 V: Volatilization;D: Dissolution; Nf: N-fixation; N: Nitrification; 































   Studies (Martin and Dewes, 1992; Rao Bhamidimari and Pandey 1996; Tiquia and Tam 
2000a) have showed that about 20-70% of initial nitrogen present in manure is lost due to 
ammonia volatilization, leaching and surface runoff. These losses not only reduce the value 
of the composted product as an N fertilizer, but they could also lead to serious 
environmental problems (Kirchmann and Lundvall 1998). While composting inorganic 
nitrogen changes its forms, transforming from NH4
+ into NO3 (Larney et al., 2006). With 
the progress of the process, the availability of nitrogen decreases (Larney et al., 2006). In 
animal manure, nitrogen is present in organic matter as protein or in urine in the form of 
urea. NH3 is produced from the process of hydrolysis of protein in organic substrate. The 
process driving this is called ammonification. If urea is the source of ammonia, it is 
degraded to ammonia by the enzyme urease. Urease is produced by bacteria present in 
feces. The reaction that takes place is as follows, 
NH2-CO-NH2 + 3H2O       2NH4+ + 2OH- + CO2 
The NH4
+ formed is in equilibrium with NH3. This equilibrium is dependent on 
temperature and pH during the composting process. As heating and acidification takes 
place during the initial phase of composting, NH3 is susceptible for volatilization, thereby 
depleting the nitrogen content of compost. If the conditions are aerobic, the remaining NH3 
which was not assimilated or emitted will be nitrified. During nitrification, NH3 is 
converted into NO3
- in a two-stage process. At first stage, NH3 is reduced to N2O, whereas, 
in the second stage N2O is further reduced to NO3
-. Nitrogen can be lost as NO3
-, NO2
-, N2 
or N2O through the process of nitrification and denitrification. The most significant 
emission is in the form of N2O, which is a high potent greenhouse gas and its formation 
and emission should be reduced. 








+ or volatile NH3 on biochar surface (Chen et al., 2010; Hua et al., 2008; Lopez-Cano 
et al., 2016). In a study by Lopez-Cano et al., 2016, it was found that in compost with 
biochar addition the concentration of NO3
 was twice as high as in compost without any 
addition of biochar. 
1.3.4 Biochar for activation of heat during composting 
Temperature is one of the most important parameters of composting. It not only affects 
the rate of composting, but it is also a factor responsible for eliminating the threat posed 
by pathogens present in substances originating from living organism. Li et al., 2015; 
Lopez-Cano et al., 2016 states that temperature during composting with biochar increased 
faster compared to same organic matter without biochar. The attainment of higher 
temperature by composts with an addition of biochar was probably caused (Zhang et al., 
2016) by biochar filling free spaces between particles of composted raw material, which 
led to reduced losses of heat during composting. Moreover, biochar addition enhances 
aeration and thus increase in population of microorganisms, which accelerates the 
transformation and causes the increase in the heat produced. According to Czekala et al., 
2016; Zheng et al., 2014, temperature increases when microbial activity is high. This 
increase in heat is significant for better degradation and decreasing or eliminating the 
survival of pathogens. 
1.3.5 Thermal inactivation of pathogenic E. coli  
Livestock waste such as cow manure is been widely used for making compost in rural 
areas. Compost, which has undergone appropriate treatment or fully matured, can be safe 
amendment for use in agriculture. However, compost that are inadequately treated or are 







cause health risk. E. coli 0157:H7 is one of the most important coliform bacteria and 
common pathogen found in fresh cow manure, responsible for many food-borne diseases. 
Animals carry this pathogen and may sporadically shed the bacteria into the environment 
(Haapapuro et al., 1997). In past, several outbreak of E. coli contaminations has been 
reported in vegetables, through direct or indirect contact with the bacteria. Composting is 
commonly used to treat organic animal waste, producing organic fertilizers, which are 
nutrient rich and can be an alternative to chemical fertilizer. During composting, organic 
matter is broken down by microbial activity releasing heat.  
 
 
       Figure 1.9 Strain of E. coli (source: fao.org) 
 
 
             Figure 1.10 Colonies of E. coli (blue) 







1.3.6 Time/ temperature relationships for inactivation of pathogens 
Heat produced during composting has a significant role in thermal inactivation of 
pathogens. During the composting process, the rate of pathogen inactivation is dependent 
on temperature and time exposed. Table 1.4 shows the elimination temperature and time 
required for inactivation of major pathogens present in compost.  
Note: Source Gottas, 1956 
Thermal inactivation of microorganism is mostly displayed with thermal death 
decimal reduction time (D-value) and thermal death reduction temperature. The D-value 
indicates the time required at constant temperature to destroy 90% of the bacteria present, 
whereas, a z-value indicates temperature necessary to bring the 90% change in D-value. 
Hence, these indexes can be used as predictors for how susceptible a bacterium can 
survive to change with respect to temperature and time. Furthermore, this can be used as 





Escheria coli 55 60 
Salmonella sp. 55 60 
Ent. histolytica cyst 45 few 
Trichinella spiralis larvae 55 quickly 
Streptococcus pyogenes 53.9 10 
Corynebacterium disphtheriae 55 45 
Ascaris lumricoides egg 50 60 
Salmonella typhosa 55-60 30 
Shigella sp. 55 60 
Necator americanus 45 50 
Micrococcus pyogenes 50 10 







an indicator to estimate the survival for pathogenic microbes for safe composting. 
1.4 Objectives  
1.4.1 Overall objectives of this dissertation 
In mid-hills of Nepal, FYM has been the major and traditional source of plant nutrition. 
Due to unavailability on adequate quantity of chemical fertilizers in time and subsequent 
increase in the price, increasing use of organic fertilizers has become the only alternatives 
for farmers to sustain soil fertility (Amgai et al., 2017). Nepalese mid-hill farmers have 
been recycling agricultural wastes and animal manure to produce FYM and compost to 
maintain soil fertility (Tripathi and Tuladhar, 1997). However, the quality is not maintained 
by the farmers during production, storage and application in the field (Tripathi and and 
Jones, 2003). Manure produced by the farmers is of low quality, lacking in nutrients 
through poor decomposition as due to inappropriate methods of preparation and application 
(Subedi et al., 1995). Sharma, as cited by Khadka and Chand 1987, estimated loss of 50% 
of nitrogen and 90% of potash from compost heaps. The improper handling and making of 
farmyard manure have resulted in loss of nutrients resulting in decline of soil fertility 
(Shrestha et al., 2009). In addition to that, improper handling of manure can lead to 
environmental and health problems through surface runoff and leaching of nutrients and 
pathogenic microorganism (Ishikawa et al., 2012). Therefore, to address the above 
problems and develop approaches in enhancing the quality of organic fertilizers in    
mid-hills of Nepal, following objectives were set out, 
1) To discuss the current conditions and constraints on management of farmyard manure 
in mid hills of Nepal. 







3) To reduce nitrogen loss during cow manure composting using rice husk biochar. 
4) Heat activation and better degradation organic substrates for thermal inactivation of 
pathogens, using rice husk biochar. 
1.4.2 Objectives of each chapter 
To achieve the overall objectives, following research structure was formulated as 
















Figure 1.11 Structure of dissertation 
 
Chapter 1 
Background and objectives 
Chapter 2 
Current conditions and constraints in management of farmyard manure in Dhankuta 
District, Nepal  
Chapter 3 
Enhancing fermentation of farmyard manure 
using Bacillus sp. as a microbial inoculant 
Chapter 4 
Reducing nitrogen losses during 
cow manure composting using rice 
husk biochar 
Chapter 5 
Heat activation and survival of pathogens with application of 
rice husk biochar during cow manure composting 
Chapter 6  







In chapter 1, the general view of Nepal and mid-hills of Nepal, its agriculture, 
outlining the characteristics and problems of soil fertility in mid-hills of Nepal is 
addressed. In addition to that, strategies for overcoming the problems by better 
degradation, reduction of nitrogen loss and heat loss is discussed in this chapter. To 
understand the conditions and major constraints in low quality of organic fertilizers, in 
chapter 2, questionnaire survey and on field experiments was carried in a research site 
(Dhankuta district, mid hills region of eastern Nepal) which focused on understanding the 
current situation in management of organic fertilizer, concentrating in maturity, nutrient 
content and pathogenicity of fertilizers produced. In chapter 3, the effects of using of 
Bacillus sp. as an inoculant during composting process was examined for better 
fermentation of farmyard manure. In addition, effect on plant growth and development 
was inspected using manure prepared with added Bacillus sp. In chapter 4, it is 
hypothesized that application of rice husk biochar during composting of cow manure 
reduces the loss of nitrogen in gaseous forms, increasing the nitrogen and overall quality 
of compost. Chapter 5 discusses the application of rice husk biochar in activation of heat 
during cow manure composting for better degradation and decrease in survival of 
pathogenic bacteria. In this chapter, heat released by decomposition of organic matter 
during composting process and its effect in inactivation of pathogenic E. coli is discussed 
using D-value and z-value of E. coli in fresh manure samples. Lastly, in chapter 6, overall 
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Chapter 2 Current Conditions and Constraints in Management of 




















2.1 Objectives of this chapter 
This chapter focuses on different factors, condition and constraints existing in 
farmyard manure (FYM) production, application and management to understand the 
maturity, nutrient contents and pathogenicity of FYM used in the study area so that the 
problems are outlined for developing approaches for better future management. 
2.2 Methodology 
2.2.1 Site description 
The study was conducted in Dhankuta district of Nepal, which lies in Province 
number 1 of Nepal. The total land area of Dhankuta district is 892 km2 with a population 
of 163,412 in 2011 (CBS, 2011).  
 
 








The district is divided into two municipalities and Village Development Committee 
(VDC). It has a hilly topography with minimum elevation at 120 meters and highest 




               Fig. 2.2 Digital elevation map (DEM) of the study area 
Table 2.1 Area under different elevation level 
Elevation 
(m) 
0-500 500-1000 1000-1500 1500-2000 2000-2500 2500-2693 
Area (ha) 11823 30998 29002 13915 13.31 78 
Area % 13.31 34.91 32.66 15.67 3.36 0.09 
Dhankuta district’s climate is classified as warm and temperate. In winter, there is 
much less precipitation than summer. According to Koppen and Geiger climate 
classification, Dhankuta district climate is classified as Cwa. Figure 2.3 shows the 







are the warmest period when monsoon brings the highest precipitation in the study area. 
November to February has the minimal precipitation with temperature is low. 
 Dhankuta district is a major agricultural region of eastern Nepal with more than 
83.45% of people engaged in agriculture activities, whereas the national average of 
population involved in agricultural activities are 65.6%. Farmers practice intensive type 
farming in terraces where rice is cultivated in lower valleys and lowlands. Whereas, maize, 
millet and vegetables are cultivated in upland fields. Animal husbandry forms a 
significant part of agriculture with every household keeping a certain type of animals. 
The agricultural system is rain-fed, with minimal irrigation facilities, which are restricted 




Figure 2.2 Distribution of land use area in percentage in Dhankuta district 






















Figure 2.3 Average rainfall and temperature (2017-2018) of study area 
(Source: data from Hobo rain gauge installed in research site) 
As per LRMP, 1986, the total cultivated land of Dhankuta district is 33,105 
hectares, which accounts to 36.8% of total land area in the district. Forestland has 34.0% 
of land area with 30,683 hectares of land. Non-cultivated land inclusions have 13,711 
hectares of land with 15.2% of total land share. Grasslands, shrublands and other land 
have 4067, 5745 and 2754 hectares of land area having 4.5%, 6.4% and 3.1% respectively. 
Dhankuta district has the highest cultivated land area compared to other districts in 
Eastern Nepal. 
2.2.2 Household interviews 
This study was conducted in 11 VDC and 2 municipalities of Dhankuta district.  
These areas were chose based on their agricultural land area, population engaged in 


















































interviewed randomly using semi structured questionnaire. A sample of questionnaire 
sample is shown in table 2.2. To minimize the errors due to possible lack of knowledge 
in managing the fields, only farmers who owned the field were interviewed. 
Questionnaire was developed and designed to understand farmers` knowledge in making 
organic manure, types of fertilizer used, application amount and effects of fertilizers on 
productivity and soil structure. 
Table 2.2 Sample of questionnaire used in this study 





Land information Type, area 
Lowland, upland fields 
Area owned and cultivated 
Agricultural activities Kinds, amount 
Crops cultivated and harvested 
Kinds of livestock, population 
Soil fertility practices Kinds 
Chemical fertilizer, compost, 
FYM etc. 
Preparation of FYM and 
compost 
Methods 
Pit method, heap method, use of 
starter 
Involvement in training 




Amount, adequacy and 
frequency 
Use of chemical fertilizer type, amount Kinds and amount applied 
Effects of fertilizer used 
Productivity, 
structure 
Change in productivity, soil 
structure 
 
Note: Questionnaire survey was conducted from October-November, 2019. 



















Table 2.3 Densely populated districts in Dhankuta district 







1 Mahalaxmi Muncipality 24800 129.39 192 
2 Pakhribas Municpality 22078 144.29 153 
3 Chatar Jorpati VDC 18322 102.83 178 
4 Khalsa Chintang 
Sahidbhumpi VDC 
18760 99.55 188 
5 Dhankuta Muncipality 36619 111.0 330 
6 Sanguridada VDC 21536 166.44 129 
7 Chaubise VDC 19263 147.6 131 
Total 
 
161378 901.1 179 
Note: VDC is Village Development Committee                                                                                  
Source: CBS, 2018  
2.2.3 Maturity tests of FYM 
The samples were subjected to self-heating test using Dewar’s Self Heating Vessel. It 
is a very simple and rapid means to evaluate compost maturity. This test works on the 
principal of release in heat when there is presence of biodegradable matter by microbial 
metabolism. This rise in temperature determines the maturity of compost. In general 
conditions, if the temperature rises more than 8 ºC than ambient temperature, the compost 
is considered immature. The Dewar self-heating test was introduced in Europe in 1982 
(Jourdan, 1982) and is widely used for measuring maturity and stability of compost as it 
is easy to use and interpret the results. It is a handy and suitable method for everyday use. 







traits, the presence of heat in compost is widely held to be a sign of immaturity 
(Gallenkamper et al., 1993). Nine samples of farmyard manure were sampled randomly 
in the study area for testing the maturity, nutrient content, and pathogenicity. The samples 
collected were more than a year old and ready to use according to the local farmers. In 
this test, 2 litre Dewar flask (fig. 2.5) was filled with the compost and temperature sensor 
was placed in the upper third of the container. Water content of samples were maintained 
at 50-60% during the experiment, as dryness can limit microbial activity. The ambient 
temperature during the test was maintained between 18 ºC to 22 ºC. Composts are 
commonly recognized to have three states or potentialities; cured, mesophilic and 
thermophilic which is categorized by the temperature of the compost pile. Accordingly, 
maturity of compost is divided into three categories as shown in table 2.4. Matured or 
cured stage has the lowest temperature as most of the microbial degradation of organic 
matter is finished, whereas mesophilic and thermophilic which has higher temperatures 
have active microbial degradation. C/N ratio, which is an important criterion for 
determining the maturity of organic manures, was conducted for the samples using 
combustion method using NCH coder (SUMIGRAPH NCH-22). 








18-22 20-25 A Matured, cured 
18-22 25-45 B Mesophilic, active 
18-22 45-70 C 
Thermophilic, very 
active 








Figure 2.5 Dewar vessel used for maturity test 
2.2.4 Nutrient tests of FYM 
The agronomic value of compost is determined by its ability to provide soil with 
organic matter and soil macronutrients nitrogen, phosphorus, and potassium. Soils, which 
have deficiency in these essential nutrients have low fertility, affecting the productivity. 
Organic carbon and nitrogen content of manure samples were determined by combustion 
method using N/C coder, phosphorus by absorption spectroscopy (HC-1000 Science 
corp.) and potassium by LAQUA twin potassium ion meter B-731. 
2.2.5 Pathogenicity test for E. coli 
Pathogenicity test were conducted using Petan check 25 ESCM from EIKEN 
Chemicals for analyzing the presence of E. coli in manure samples. Petan check 25 ESCM 








Figure 2.6 Instant check used for the detection of E. coli 
One gram from each sample were mixed in 9 ml of distilled water. The sample was 
serially diluted to 5 folds. One ml from each dilution was spread in petan-check and 
incubated at 37 ºC degrees for 24 hours. Three replicates of each sample were tested. 
Presence of pink and blue colonies showed the presence coliform bacteria of E. coli in 
the sample respectively. The colonies were categorized for pathogenicity according to the 
interpretation shown in table 2.5. 
         Table 2.5 Interpretation of results of Petan-check test 
Pathogen MPN/g Interpretation 
E. coli More than 1000 MPN/g Pathogenicity 
Feacal Coliform More than 1000 MPN/g Pathogenicity 








2.3 Results and discussions 
2.3.1 Information on land area and livestock owned 
Sixty three percent of the farmers in the area were small-scale farmers with less than 
0.5 ha. of land owned and cultivated, which is less than national average of 0.8 ha. Thirty 
three percent of farmers had land area in between 0.5 to 1.5 ha. Only four percent were 
large-scale farmers with land area more than 1.5 ha. (table 2.6). According to Takeshima 
et al., 2016, significant relationship between chemical fertilizer use intensity and size of 
farm was observed in mid-hills of Nepal, where use of chemical fertilizer dropped with 
decrease in farm size. With 5.8 heads of livestock and poultry per household, Nepal has 
one of the highest density of livestock per unit area cultivated area in upland parts of 
world (Sharma and Subedi). Livestock is an integral part of farming in mid-hills of Nepal. 
It plays an important role in Nepalese agriculture, providing farmer with milk products, 
meat for household consumption and income source with sale of livestock products. The 
farmer’s land is ploughed by oxen and is fertilized by livestock manures. Most of the 
nutrients facilitated by the manure from cattle, buffalo, goat, and sheep. Livestock 
accounted were big animals like cow, buffalo, medium animals like goat, sheep and small 
animals like hens and chicken.  
Table 2.6 Area of cultivated land and animals owned 
 
Small scale farmer 
Medium scale 
farmer 
Large scale farmer 
(Less than 0.5 ha) (0.5 to 1.5 ha) (More than 1.5 ha) 
Farmer 
percentage 
63% 33% 4% 
Livestock 
per farmer 
15 17 34 







Generally, large-scale farmer had a greater number of livestock with medium scale 
and small-scale farmers having comparatively less number (table 2.6). The amount of 
manure produced corresponded to the numbers of animals owned by the farmers. 
Applications of manure corresponded to number of plantations, irrespective of maturity 
and stability of FYM. 
2.3.2 Information on use of fertilizer and on production and application of FYM 
Farmers indicated using conjunction of compost/farmyard manure (FYM) and 
chemical fertilizer as a major supplement for managing soil fertility. Farmers are using 
chemical fertilizer with FYM as they feel that only FYM cannot increase the productivity. 
The use of chemical fertilizer in the context of mid-hills of Nepal is unsustainable as 
chemical fertilizer is not accessible easily due to lack of infrastructure in transportation 
of fertilizers. Additionally, there is insufficiency of it during irrigation season. Farmers 
are using N, P fertilizers but application of K fertilizer was negligible. Farmers used 
indigenous methods to make FYM and lacked training. Table 2.7 shows the quantity of 
FYM applied, application rate, frequency, method used and preparation period and 
information on use of starter. Most of the farmers applied FYM twice or more per year. 
The application of FYM was according to the number of plantations. Farmers preferred 
heap method than pit method as construction of pit required more money and labor time. 
Additionally, almost all the compost piles were in open, without any cover making it 
susceptible to loss of heat and nutrients. Due to deforestation and lack of fodder for the 
livestock, the quality and the quantity of farmyard manure have decreased. The improper 
handling and making of farmyard manure have resulted in loss of nutrients. Shrestha et 
al., (2009) suggested that soil fertility is largely maintained through the application of 







Furthermore, improper handling of manure can lead to environmental and health 
problems through surface runoff or leaching of nutrients and pathogenic microorganism 
(Ishikawa et al., 2012). 
Table 2.7 Types, application rate, frequency, method used, time period and use of 










































5 t/ha 3 or 
more/year 
(30%) 





Note: Number of respondents =102 farmers. 
2.3.3 Farmers’ perception on productivity and change in soil structure with      
application of organic manure and chemical fertilizer  
Figure 2.7 and 2.8 shows the farmers’ response to productivity with application of 
organic manure and chemical fertilizer respectively. Seventy-eight percent of the farmer 
have the perception of increase in productivity with the application of organic fertilizer. 
Whereas, twenty-two percent of farmer replied that there was no change in productivity 
with the application of organic fertilizer. This perception of farmers’ can be explained on 
the fact that organic manure takes longer period to increase soil fertility of the soil. On 
the other hand, long-term application of organic manure has positive effects in soil 
properties. Organic amendments to the soil increase the soil organic carbon, provides the 







the other hand, eighty-eight percent of the farmer thinks that productivity has increased 
with application of chemical fertilizer, with twelve percent of farmer answering there was 
no change. Chemical fertilizer can increase productivity in shorter period, but long-term 
application can adversely effects soil physical, biological, and chemical properties. It is 
well-known fact that long-term application of chemical fertilizer makes the structure hard, 
increases acidification affecting the quality and biodiversity of soil. Figure 2.9 and 2.10 
shows farmers’ response to change in soil structure with application of organic manure 
and chemical fertilizer. Seventy percent of the farmer responded that with application of 
manure, soil had softened. Whereas, fifty-four percent of farmer replied soil had hardened 
with application of chemical fertilizer. Chemical fertilizers have been used as alternative 
source of plant nutrients, without taking into consideration the right type and application 
rates. Most farmers have low technical knowledge and apply excessive or imbalanced 
amounts of chemical fertilizers, which aggravates the soil degradation processes.  
 
Figure 2.7 Farmers’ response to productivity 














                Figure 2.8 Farmers’ response to productivity 
                         with addition of chemical fertilizers 
 
 
              Figure 2.9 Farmers’ response to change in soil 




















                   Figure 2.10 Farmers’ response to change in soil 
                             structure with chemical fertilizer application 
2.3.4 Maturity of FYM 
Biological stability of organic manure is an important aspect of composting because 
of its effect in utilization in agriculture. Immature and poorly stabilized composts may 
pose problems during use and storage. Immature composts may contain high amounts of 
free ammonia, certain organic acids, or other water-soluble compounds, which can limit 
seed germination and root development. According to the results of maturity test which 
is shown in table 2.8, all the samples were classified into active or immature compost. 
Properties of starting materials mainly C/N ratio, moisture content, size of compost pile 
is significant in the degradation process of organic matter affecting the maturity of 
compost. In the research area, farmers were not aware of all these factors and lacked 
technical knowledge of composting process. Additionally, lack of carbon source in the 













tend to use bedding materials and left-over feeds of the animals as main source of organic 
matter. In case of mid hills of Nepal, weather is cold during winter season. This effect 
composting process as thermophilic temperatures may not occur, slowing the composting 
process and maturity of final compost. 










Sample 1 to 9 15±2 25-45 50-60% 
Mesophilic, 
active compost 
Note: Refer table 1 for interpretation of result 
2.3.5 C/N of FYM 
One of the most important aspects of the maturity and total nutrient balance of 
compost is the ratio between organic carbon to total nitrogen. A C/N of about 25-30 is 
considered optimum for starting material as microorganism utilizes approximately 30 
parts of carbon to 1 part of nitrogen during metabolism. The result of C/N of the samples 
is shown in the table 2.9. The entire sample has C/N ranging from 17 to 12. C/N value 
from 15 to 20 is considered favorable for compost. As discussed earlier, in the research 
site, it was observed that the initial carbon applied at start of the process was low due to 
deficiency in organic matter. This resulted in low C/N ratio. If C/N is lower than 20, loss 
of nitrogen through ammonia volatilization occurs, reducing the nitrogen content of final 
product. This process is enhanced by high pH and temperature and is seen during the first 
two weeks of composting. C/N of starting material should be considered before starting 







compost can interfere with plant growth as high C/N ratio causes the competition between 
roots and soil microorganisms for the available nitrogen, whereas low C/N ratio causes 
toxicity due to nitrogen compounds (Barberis and Nappi, 1996). 
Table 2.9 Results of C/N of samples 
Sample 
name 





















C/N 13±0.002 13±0.002 12±0.03 14±0.1 
Note: Values are mean ± SD (n=3). 
2.3.6 Pathogenicity of FYM 
The function of organic manure is to provide soil with essential nutrients be 
environment friendly and free of pathogenic microbes Using manure, which contains 
pathogen microbes, can cause serious health and environmental problems. The results of 
tests for pathogenicity for the sampled manure are showed in table 2.10.  






Evaluation of degree of 
pollution 
Sample 1 to 9 Yes Yes Pollution 
     Note: Refer table 2.3 for interpretation of results 
All the samples were categorized in pollution category having more than MPN>1000 
for E. coli and coliform bacteria. This result can be attributes to the fact that the samples 
were not completely matured as shown by the results of self-heating test. In addition, 







possibility of heat loss generated during composting process. Heat is essential for 
inactivation of pathogenic bacteria. Pathogenic bacteria get killed if temperature is more 
than 50 ºC for a period of 2 weeks. 
2.3.7 Nutrient content of FYM 
The evaluation of agronomic values of manure is depends on the amount of organic 
carbon and macronutrients available to the plants. Table 2.11 shows the results of total 
carbon, total nitrogen, total phosphorus, and potassium present in the sampled manure.  










Sample no. 1 22.8±0.03 19400 3707 1093±0.0 
Sample no.2 27.2±0.06 21000 5103 1040±28.1 
Sample no.3 18.9±0.02 13250 1383 274±5.8 
Sample no.4 47.6±0.03 27900 5820 150±0.6 
Sample no.5 19.0±0.06 12250 1354 486±5.8 
Sample no.6 30.5±0.01 23790 5083 590±5.8 
Sample no. 7 25.4±0.03 18980 6310 576±10.0 
Sample no.8 19.9±0.03 17120 3525 970±17.1 
Sample no.9 26.2±0.04 19000 5028 1200±0.0 
Note: Values are mean ± SD (n=3). 
The total carbon percentage ranged from 18.9% to 47.6%. This result agrees with 
Batjes, 1996, who found that the optimum value of total organic carbon higher than 10%. 
The high value of carbon content might be also be the result of slow decomposition of 
organic matter, which depends on various factors such as type of organic matter, loss of 
heat during the process and lack of microbial activities during the composting process. 







which coincides with the average value 25000 mg/kg in mid-hills of Nepal (Tripathi and 
Jones, 2003). This high nitrogen in compost can be argued with the result of maturity and 
low C/N ratio. Application of compost with high nitrogen content can have adverse effects. 
The total phosphorus in the samples were in the range between 1354 to 6310 mg/kg which 
is less than average value for finished compost which ranges from 6000 to 20000 mg/kg. 
The value of potassium was in between 150 to 1200 mg/kg, which is less for finished cow 
compost. Irshad et al., 2013, suggested finished cow compost has around 9000 mg/kg of 
potassium. The low nutrient content of manure may be due to methods used for 
composting. Heap method, which is widely practiced, is done in open, which is 
susceptible to low nutrient content as maintained by Tripathi and Jones, 2003.   
2.4 Conclusions of this chapter 
This study discusses the present conditions and constraints in management of FYM 
in Dhankuta District of Nepal to understand the reason for its low quality. The result of 
household interview showed that farmers were using FYM and chemical fertilizers for 
maintaining soil fertility in the study area. In recent years, there is rise in use of chemical 
fertilizer as farmer felt that only FYM are insufficient for increasing productivity. Farmers 
were aware of the drawbacks of using chemical fertilizer, but due to low fertility of FYM, 
there was increased use of chemical fertilizer. Farmers tend to use immatured or partially 
decomposed compost to their fields. Imbalance in C/N ratio, heat lost during composting 
process and lack of microbes to start the composting process may have resulted in 
immature compost. The low quality of FYM is due to the inappropriate methods used for 
making it. Using of same pit for composting were observed, where farmers added raw 







compost, increasing the pathogenicity. The practice of application of immature manure 
can be a significant factor for low fertility of soil. Additionally, heat loss during 
composting and immaturity of manures might be the reason for high pathogenicity. As 
manures is stored in open, there is possibility of nutrient loss through runoff and leaching. 
C/N of starting material can be increased or decreased as per the conditions with increase 
of carbon or nitrogen sources. Better composting methods such as using a cover during 
composting can reduce loss of heat and nutrient. Using a microbial inoculant can help in 
shortening the composting period, and better decomposition of composting materials. 
Knowledge and training on manure maturity to farmer should be encouraged to change 
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Chapter 3 Enhancing Fermentation of Farmyard Manure 






















3.1 Objectives of this chapter 
The objectives of this chapter are to see the effects of adding Bacillus sp. as an 
inoculant in enhancing the fermentation process of cow manure composting. Specifically, 
this study aims to see the effects of adding inoculant of Bacillus sp. in promoting 
degradation of and better mineralization and organic matter. Additionally, effect on plant 
growth height by compost produced with addition of Bacillus sp. inoculant was 
determined. 
3.2 Methodology 
3.2.1 Extraction of Bacillus sp. 
Bacillus sp. was extracted from rice straw and rice husk (fig. 3.1), adapting from 
procedures stated by Abo-state et al., 2010 and Janstova and Lukasova (2001), which was 
incubated in Nutrient Broth. Rice straw and husk were soaked in saline solution (8.5g/L 
NaCl) for 24 hours at 37 °C in an incubator. The solution was kept in a shaking motion. 
The samples were subjected to water bath at 80 °C for 10 minutes to isolate target 
microbes. Serial dilution and plate count method was used to determine the number of 
colonies formed (cfu/ml) in Nutrient Agar. 
 








 Figure 3.2 Bacillus sp. liquid culture 
 







The spores formed were identified according to their morphological characters. Three 
variation of Bacillus sp. culture was made, which were 6.0×1012, 6.0×1014 and 6.0×1016 
cfu/kg. Further, 200 ml of Bacillus sp. culture was made for each variation (fig. 3.2). The 
culture was stored at 4 °C until used. 
3.2.2 Sample preparation 
   The materials used for composting experiment used were fresh cow manure and dried 
leaves. Fresh cow manure was collected from Fuji farm, Tokyo University of Agriculture 
(TUA). Dried leaves were collected from TUA, Setagaya campus. Physical and chemical 
properties of the materials were determined which are shown in table 3.1. A kilogram of 
cow manure was mixed with a kg of leaves. A total of 2 kilograms was used for the 
composting experiment. Four treatments were made which were control, treatment 1, 
treatment 2 and treatment 3 (table 3.2) according to the amount of Bacillus sp. inoculant 
added. In treatments other than control, 200 ml of Bacillus sp. inoculant was poured and 
mixed thoroughly at the start of the composting experiment. The samples prepared was 
put inside a glass container (fig. 3.5) and subjected to composting experiment for a period 
of 60 days. 
Table 3.1 Physical and chemical properties of cow manure and leaves used 
Parameters Cow manure Leaves 
pH 6.9±0.02 7.6±0.03 
Water content (%) 81.78±0.18 27±0.10 
Total nitrogen (mg/kg) 6300 5100 
Total phosphorus (mg/kg) 1510 2029 
Carbon nitrogen ratio 15:1 32:1 
E.Coli count (cfu/g) 9.3×105 0 








Table 3.2 Composition of treatments 
Control Treatment 1 Treatment 2 Treatment 3 
Cow manure 1kg Cow manure 1kg Cow manure 1kg Cow manure 1kg 
Leaves 1kg Leaves 1kg Leaves 1kg Leaves 1kg 
No Bacillus sp. 
3added 













Figure 3.4 Sampling of fresh cow manure (Fuji Farm, TUA) 
3.2.3 Experimental set up 
A small-scale composting apparatus was designed and built for the composting 
experiment. The schematic diagram of composting apparatus is shown in figure 3.5. The 
composting materials were put in glass containers. In natural conditions, compost needs 
to be of substantial size, so that the heat generated during decomposition of organic matter 







tank containing water, which was heated using electric rod. The temperature was 
maintained between 40 °C to 45 °C. Additionally, air was supplied continuously to the 
samples using air pump. The composting experiment was conducted for a period of 60 
days. Temperature at the center of the box was recorded in five days interval using a 
digital thermometer. Samples were taken at 15 days interval for analyzing change in 
organic matter, pH, total nitrogen and total phosphorus content. 
 










3.2.4 Plant growth experiment 
A plant growth experiment was conducted to examine the effects of produced compost 
in growth of the plant. The plant used in this experiment was Brassica rapa. This 
experiment was performed for a period of 30 days from July to August, 2017.  








      Note: Values are mean ± SD (n=3). 
Table 3.4 Physical and chemical properties of compost used 
 Note: Values are mean ± SD (n=3). 
Three replications for each treatment were made. The unit area of the pots used in this 
experiment was in scale of 1/10000 a, and the height was 150 mm. Six hundred grams of 
soil was used in each pot. Three hundred fifty grams of compost prepared during the 
composting experiment was mixed with soil. Table 3.3 and 3.4 shows the physical and 
Water content (%) 10.70±0.14 
Organic matter (%) 14.87±0.59 
EC (ms/cm) 1.33±0.03 
pH 5.22±0.03 
Total nitrogen (mg/kg) 1590.36 
Total phosphorus (mg/kg) 907.65 
Treatments Control Treatment 1 Treatment 2 Treatment 3 
pH 7.61±0.05 7.69±0.06 7.33±0.03 7.86±0.02 
Total nitrogen (mg/kg) 6825 8457 7835 7728 
C/N 34:1 26:1 27:1 26:1 







chemical properties of soil and compost used in this experiment. One hundred ml of water 
was applied to the treatments at three days interval and the height of plants were measured. 
3.3 Results and Discussion 
3.3.1 Periodic change in temperature  
Temperature is one of the most important factors during composting process along 
with C/N ratio, moisture content, aeration and pH. During composting process, organic 
matter is broken down by microbes to produce heat, which raises the temperature. Rise 
in temperature helps in increasing the speed of biodegradation and inactivation of 
pathogens. Temperature during a composting process shows wide range of fluctuations 
with change in composting time.  
 



































Figure 3.6 shows the periodic change in temperature during the experiment. The 
results show rise in temperature during first week of composting in all the treatments. 
However, the Bacillus added treatments had higher temperature recorded. The highest 
temperature reached by control was 55 °C, whereas for treatment 1, treatment 2, treatment 
3 temperature peaked to 58 °C, 57 °C and 60 °C respectively. This high temperature phase 
also called as thermophilic phase was maintained for approximately 2 weeks. The results 
showed that there was difference in the temperature gained between control and Bacillus 
added treatments. This result coincides to that of Quiroz Ribeiro et al., 2017, according 
to which adding of Bacillus cereus and Bacillus megaterium showed positive influences 
in rise of temperature. Adding of Bacillus sp. increases the humification process and the 
degradation rate resulting in increased temperature. Zeng et al., 2009; Figuiredo et al., 
2013, and Garcia et al., 2006, agrees the same with application of inoculant made from 
Bacillus and actinobacteria during composting process. In addition, Bacillus sp. helps in 
heating of composting pile, which enables the development of thermophilic bacteria 
population (Boulter et al., 2000). This increase in population of thermophilic bacteria 
helps in increase in temperature during the composting process. 
3. 3. 2 pH of compost  
   Maintaining an appropriate pH in a compost pile during composting process is vital 
for the survival of beneficial microbes and reduction of nitrogen lost through ammonia 
volatilization. Compost microorganisms are active under neutral to acidic conditions, 
with pH in the range between 5.5 to 8. During the initial stages of decomposition, organic 
acids are formed making favorable conditions for growth of fungi and breakdown of 
lignin and cellulose. As composting proceeds, the organic acids are neutralized, and 







4.6. The pH for all the treatments during the experiment period was in between the range 
of 6.5 to 7.5 (fig. 3.7). This result indicated that addition of Bacillus sp. did not affect the 
favorable conditions required for growth of microorganism.  
 
               Figure 3.7 Periodic change in pH 
3.3.3 Periodic change in organic matter degradation 
Organic matter degradation is a naturally occurring process, which involves a 
complex transformation of raw organic substrates, which are transformed into stable 
humus like structure. These substances, which are the most active fraction in finished 
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considered a critical factor for agricultural production (Senesi, 1989; Chen et al., 1994; 
Haider, 1994). The result for degradation of organic matter can is shown in fig. 3.8. 
 
Figure 3.8 Periodic change in organic matter degradation 
After 60 days, organic matter in control was 69.3%, treatment 1 was 64.6%, treatment 
2 was 60.7% and treatment 3 was 59.0%. Compared to control, organic matter decreased 
treatment 1 decreased by 7.02%, in treatment 2 by 13.2% and in treatment 3 by 16.05%. 
Degradation was high during early phase of composting and slowed down as the 
composting days increased. Bacillus sp. inoculant added treatments had higher 
degradation compared to control. This result can be explained as with increased adding 







































et al., 2012, Bacillus species can interact with each other and form a stable micro-ecology 
system to improve the degradation rate of organic matters, increasing its maturity. 
Furthermore, Bacillus sp. produces abundant spores, which was very significant for 
compost fermentation (Nair et al., 2010).  
3.3.4 Total nitrogen in compost 
Nitrogen is an important component in composting process. Nitrogen is used by 
microbes which helps in decomposing of organic material for the synthesis of cellular 
material, amino acids, and proteins. A portion of the nitrogen is used in the decomposition 
process or is temporarily bound in compounds that plants can't use. However, once the 
compost is fully matured, the nitrogen is again available to plants. Nitrogen releases 
slowly from compost, so it usually takes several years of composting to enrich soil. 
During composting process, with degradation of organic matter, nitrogen usually 
experiences two different stages of mineralization and immobilization. During 
mineralization, nitrogen is decomposed into forms such as NH4
+ through ammonification 
and NO3
− through nitrification. Immobilization of nitrogen occurs when the accessible 
nitrogen are taken up by microorganisms. The immobilized nitrogen will be available 
after the microorganisms die and the nitrogen is released (Chaves et al., 2007). These two 
processes result in increase of nitrogen content in compost.  
The results of final nitrogen content of this study showed increase in all the treatments 
with increase in composting days. Bacillus sp. added treatments had higher nitrogen 
content compared to control. The final nitrogen content for control, treatment 1, treatment 
2 and treatment 3 were 6825.7 mg/kg, 7728.3 mg/kg, 7835 mg/kg and 8457 mg/kg 
respectively. There was increase by 12.4% in treatment 1, 13.7% in treatment 2 and 21.0% 








Figure 3.9 Periodic change in total nitrogen content 
3.3.5 Carbon and nitrogen ratio (C/N) in compost 
One of the often-used parameters to assess the rate of decomposition and maturity 
in the composting process is the C/N ratio. The results for C/N ratio are shown in fig. 
3.10. C/N ratio for starting material for all the treatments were 59:1. As shown in the 
figure, there was decrease in the C/N ratio as the composting days increased for all the 
treatments. After 60 days of composting, the C/N ratio for control, treatment 1, treatment 
2, and treatment 3 were 34:1, 26:1, 27:1, and 26:1 respectively. The final C/N ratio 
observed in Bacillus species added treatments had significant difference compared to 















































microbial activity. This supports the obtained result where added Bacillus sp. had resulted 
in increased decomposition rate of carbon decreasing the carbon percentage and C/N ratio. 
The results showed that Bacillus sp. added treatments had better C/N ratio compared to 
control. 
 
Figure 3.10 Periodic change in C/N ratio 
3.3.6 Total phosphorus in compost 
Phosphorus is one of the three major macronutrients of soil. Total phosphorus 
concentration in compost is important as it gives an idea of how much phosphorus is 
added into the soil when composts are applied to soils. The results of total phosphorus 


































amount of phosphorus was 2565.67 mg/kg for all the treatments. After 60 days of 
composting the total concentration of phosphorus for control, treatment 1, treatment 2, 
and treatment 3 were 2728.1, 3678.29, 3368.52, 2920.52 mg/kg respectively. 
 
Figure 3.11 Periodic change in total phosphorus content 
 The result obtained conincides with those of Felton et al., (2004) and Chandna et 
al., (2013) where they found increase in total phosphorus. The results show that adding 
Bacillus sp. were effective for increase of total phosphorus content. There was increase 
by 29.6% in treatment 1, 20.9% in treatment 2 and 6.7% in treatment 3 respectively, 













































3.3.7 Result of plant growth experiment 
In the result (fig. 3.12) of plant growth experiment, the treatments with added 
Bacillus sp. had higher crop height compared to control with significant difference at 99%. 
There was no significant difference in height of plants with Bacillus sp. added treatments. 
The heights of plants for treatment 1, treatment 2 and treatment 3 were 14.97, 14.56 and 
14.3 cm respectively. With the obtained results it can be said that plants grown in compost 
made with added Bacillus sp. can help in growth of plants which coincides with results 
obtained by Toyota and Watanabe (2013) who found that Bacillus sp. helps in 
development of plant by suppressing disease and enhancing plant growth. 
 





































Figure 3.13 Plant grown (Brasicca rapa) during the experiment 
3.4 Conclusion of this chapter 
This study was conducted to see the effects of adding of Bacillus sp. as a microbial 
inoculant for enhancing fermentation, better decomposition, and mineralization of 
farmyard manure. A compositing experiment with using cow manure and dried leaves 
were used as the major constituents to replicate the constituent used of farmyard manure 
in mid-hills of Nepal. Bacillus sp. culture was extracted from rice husk and rice straw   
and 200 ml of three different cfu/kg of inoculant were made. An apparatus was designed, 
and four treatments were made each containing 2 kg of cow manure and leaves. Three 
variations of Bacillus sp. inoculant were added at the start of the experiment. The 
experiment was conducted for a period of 60 days. Sampling was done after 15 days and 









subsequent analysis were done. Temperature was measured after 5 days interval. The 
results showed that adding of Bacillus sp. was effective in increasing the temperature. 
Additionally, increased microbial activity helped in better decomposition of organic 
matter and better C/N ratio. Further, there was increase in nitrogen and phosphorus 
content in Bacillus sp. added treatments compared to control. The results of plant growth 
experiment showed that compost with added Bacillus sp. enhances development of plants. 
With the outcomes of this study, it becomes apparent that inoculant of Bacillus sp. is 
efficient in degradation and mineralization of organic substrates. Subsequently, this 
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Chapter 4 Reducing Nitrogen Emission During Cow Manure 
Composting With Adding of Rice Husk Biochar 
 























4.1 Objectives of this chapter 
For sustainable cow manure composting, minimizing nitrogen losses has high 
significance. In this chapter, rice husk biochar is mixed during cow manure composting 
to see its effects in reducing nitrogen loss and increase agronomic value of finished 
compost. Subsequently, three treatments are made with various quantities of biochar 
added to evaluate the most effective composition. 
4.2 Methodology 
4.2.1 Designing of compost box and gas chamber 
A compost box was designed using glass container of dimension 30 cm3. The glass 
box was covered with styro-foam sheets of thickness 4 cm on five sides for minimizing 
the heat loss (fig. 4.1).  
  







  A static gas chamber was made to measure the gas flux. The gas chamber was made 
of acrylic sheet due to its inertness to the target gases. A small battery-driven fan was 
attached to the gas chamber for uniform distribution of gas during measurements (IGAC, 
1994). A digital thermometer was attached inside the chamber for measuring temperature, 
which was used for calculation of the gas flux (fig. 4.1 and 4.2). The volume of air inside 
the chamber was calculated as 0.017705 m3. 
      
           Figure 4.2 Apparatus used during gas flux measurement 
4.2.2 Conditions of the experiment  
The composting experiment was performed from 8 August 2019 to 7 October 2019, 
in Laboratory of Land and Water Use Engineering, Tokyo University of Agriculture. The 
gas flux was measured in room temperature. Cow manure was used as the major nitrogen 







Rice husk biochar was added at 5%, 10% and 15% of total mass of cow manure and 
bulking agent. The constituents of the treatments are shown in table 4.1. Initial water 
content of the treatments was kept at 70±2 % for all the treatments. 
    
Figure 4.3 Mixing of the constituents    Figure 4.4 Biochar used in the experiment              
Table 4.1 Composition of treatments 
Composition 
(g) 









Cow manure 3200** 3200** 3200** 3200** 
Litter + rice straw 1800* 1800* 1800* 1800* 
Rice husk biochar  250* 500* 750* 
Note: * represents air dry weight basis, ** represent wet weight basis 
4.2.3 Measurement of gas emission 
Gas flux was measured using static gas chamber method with photoacoustic 
spectrometer. The spectrometer used in this study was INNOVA 1412 Photoacoustic Field 







Spectroscopy (PAS). It is a spectroscopic method, which utilizes photoacoustic effect. In 
this method, intermittent light is irradiated into target substance; the target substance 
emits acoustic waves of same frequency as the light pulse frequency. The advantage of 
this method to other conventional method is that, it can measure very small gas volumes. 
The instrument was calibrated with known concentration of gas before every gas flux 
measurement. Gas flux was calculated using linear aggression method showed in 
Equation 1 (Minamikawa et al., 2015). The reading of gas flux was taken for 10 times at 
a minute interval. Additionally, temperature was recorded at 0, 5 and 10 minutes, and an 
average was used for the calculations. This method is based on the principle that the 
concentration of NH3 and N2O between the compost pile and atmosphere is quite large so 
that NH3 and N2O can be emitted at a constant rate. The density of NH3 and N2O was used 
as 1.978 kg/m3 and 0.771 kg/m3 respectively. 









 ……………………….…………………………………………………..……. Eq. 1                                             
Where,  
F is gas flux (mg m-2 hr-1), 
ρ is density of gas (kg m-3)  
 density of NH3 is 0.772 kg m
-3 and of N2O is 1.96 kg m
-3,  
A is bottom surface area of chamber (m2),  
V is volume of air inside the chamber (m3),  
△C/△t is average increase rate of gas density inside the chamber (10-6 m3 m-3 h-1),  








4.2.4 Compost sampling and analysis 
Compost was sampled from center of the compost box at 5, 10, 20, 30, 40 and 60 days 
interval to analyze carbon content, C/N ratio and total nitrogen of the compost. 
Temperature of the compost pile was measured using Custom CT-0580 data logger and 
digital thermometer on daily basis. Water content of the sample was analyzed using 
gravimetric method, where samples were dried in an oven at 105°C for 24 hours. Carbon 
content was determined by using ignition loss method in a muffle furnace and the formula 
C=0.580* Ignition Loss. Total nitrogen was analyzed by absorption spectroscopy using 
HC-1000 (Central Science Corp.) as a measurement device (Mihara and Ueno, 2000). 
The data of C/N ratio obtained from ignition loss and spectroscopy method was validated 
with combustion method using NCH coder (Sumigraph, NCH-22).  
4.3 Results and discussions 
4.3.1 Biochar effects on composting temperature 
Temperature change during composting process is widely considered as one of the 
significant factors effecting gas emission during cow manure composting as microbial 
metabolism activities are all temperature sensitive and dependent. NH3 is released when 
the temperature is high and are carried by thermophiles. Whereas, N2O is released after 
temperature declines and mesophiles are responsible for its emission. In this study, all the 
treatments showed a similar pattern of temperature evolution with a rapid activation of 
composting process carried by intensive microbiological degradation of organic matter. 
Biochar added treatments had increased temperature profile during the thermophilic 
phase compared to control (fig. 4.5). The result coincides with studies using biochar as a 







2014). It is speculated that higher temperatures in biochar added treatments were 
attributed to the structure of biochar, which provided suitable habitat conditions with 
positive effects on substrate properties such as porosity, surface area and moisture content. 
These factors promoted microbial activity, explaining higher temperatures. Biochar added 
treatments had higher temperature gain during early stages of composting compared to 
control due to faster degradation due to reduced heat loss as addition of biochar filled the 
air pores (Zhang and Sun, 2014). Khodadad et al., 2011, reports that adding of biochar 
increases the relative abundance of actinobacteria, which are generally able to degrade 
more organic material, resulting in heat generation. 
 



































4.3.2 Biochar effect on ammonia emission  
Ammonia emission is inevitable during cow manure composting where the intial 
nitrogen content is high. Generally, emission is high during early stage of composting 
where temperature and pH are high. In this study, the emission results of ammonia was  
high during the first week of composting which lowered gradually as the temperature 
decreased for all the treatments (fig. 4.6) with negligible emission after 20 days of 
composting. The emission pattern coincides to that of Osada et al. (2000) and Kuroda et 
al. (1996). The total ammonia emissions were significantly lower in biochar amended 
treatments with 15% added treatment having the lowest emission.The cumulative gas 
emission was lowered by 12.6% , 14.5% and 23.2% in 5%, 10% and 15% biochar added 
treatments respectively compared to control (fig. 4.7). 
 



































Reduced NH3 emission depends on factors such as C/N ratio of composting materials, 
ventilation conditions, pH, temperature (Jiang et al., 2011). Increase of NH4
 concentration 
enhances NH3 emission, leading to large amount of nitrogen loss (Rashad et al., 2010). 
According to Zhang et al., 2014, treatment with 20% biochar addition resulted in 
relatively low NH3. In addition, biochar creates a favourable biological environment for 
nitrobacteria that transforms ammonia into nitrate, thus leading to reduced nitrogen loss 
(Jindo et al, 2012). Addition of biochar could improve pile porosity to increase oxygen 
concentration. Simultaneously, biochar provides favourable protective space and 
necessary nutrient elements for nitrobacteria in thermophilic phase, improving compost 
pile environment to ensure good compost (Wei et al., 2014). Additionally, the reduced 
emission can be attributed to the microscopic porous structure having negative charge 
adsorbing ammonium ions by electrostatic attraction (Montes-Moran et al., 2004; Nguyen 
et al., 2017). 
 














































4.3.3 Biochar effect on nitrous oxide emission 
Composting of high organic content materials has been shown to produce N2O by 
nitrification and denitrification under aerobic and low oxygen conditions respectively. 
Figure 4.8 shows the periodic change in emission between the treatments. The cumulative 
gas flux result showed similar trend to that of NH3 with least emission in 15%, 10% and 
5% biochar added treatments followed by control. The cumulative gas emission was 
lowered by 40.0%, 46.4% and 60.4% in 5%, 10% and 15% biochar added treatments 
compared to control (fig. 4.9) 
 
Figure 4.8 Periodic change in N2O emission 
The result observed is supported by that of Jeffery et al., 2015, which states that 
addition of biochar can decrease the emission of nitrous oxide. Although the mechanisms 

































N2O emission is mainly associated with nitrification and denitrification process (Sanchez-
Monedero et al., 2010). These microbial process is regulated by the quantity of mineral 
nitrogen, presence of carbon sources and oxygen concentration in composting maerial. 
Wang et al., 2013, showed 31% lower emissions in biochar treated piles and linked this 
result in reduction to change in the abundance and composition of denitryfying bacteria. 
It has been well reported that addition of biochar increases pile porosity, thus increasing 
oxygen content, weaking denitrification enzyme activity and inhibiting denitrification 
reaction under anaerobic conditions (Singh et al., 2010). In addition, NH+4 adsorption by 
biochar reduced NH+4 availability within the compost, thus decreasing NO
-
3 generated 
through nitrification reaction and N2O generation by denitrification porocess, which led 
to comparitavely low N2O emission (Berglund et al., 2004; Lehmann et al., 2006). 
                                                                                      














































4.3.4 Biochar effects on agronomic value of compost  
Nitrogen content and C/N ratio are oftenly used as a criteria for determining the 
agronomic value of compost. Nitrogen is the most esential plant nutrient for growth and 
development of plants. Compost which has high nitrogen content is considered having 
high agronomic value. The experimental results showed that total nitrogen content of 
biochar added treatments were higher than control (fig. 4.10) at 60 days of composting. 
The high nitrogen content in biochar added treatments could be due to reduced emission 
of NH3 and N2O. In addition, biochar may have enhanced aeration, water holding capacity 
and microbial activity increasing humification of organic material. This resulted in high 
nitrogen content concurrs to the results of Akdeniz, 2019; El-Naggar et al., 2019; 
Godlewska et al., 2017. 
 













































C/N ratio is used as an indicator of compost stability and nitrogen availability. The 
periodic change of C/N ratio showed better values in biochar added treatments compared 
to control (fig. 4.11). This can be explained as increased surface area and moisture content 
favoured compost microorganisms for degradation and humification of organic material. 
Also, biochar addition increased sorption of nitrogen compounds in the microspores 
providing microorganism with sufficient nitrogen for their metabolism. C/N ratio at lower 
application rates of biochar at 5% and 10% had better results compared to 15% biochar 
added treatment. Liu et al., 2017, in their findings, states that excessive biochar addition 
above 10% causes severe water loss and heat dissipation affecting, the compost quality 
adversely.  
 



































4.4 Conclusions of this chapter 
This study discusses the effects of composting cow manure with rice husk biochar in 
reducing the emission of NH3 and N2O and increasing the agronomic value of compost. 
Three treatments of 5%, 10% and 15% of rice husk biochar were composted with cow 
manure. The results showed that addition of biochar is effective in reducing emission of 
NH3 and N2O with 15% treatment being the most efficient. This can be credited to the 
structure of biochar with high number of micropores and surface area that enables 
absorption and adsorption of NH3, N2O, water soluble NH4
+ as well as NO3
-. The result 
also showed better nitrogen content and C/N ratio in biochar amended treatments with 
low application rates at 5% and 10%. 15% biochar added treatment was not efficient as 
lower application rates. It is speculated that adding of biochar helped in increasing oxygen 
content and retention of water, enhancing better microbial metabolism and mineralization. 
With the outcomes of this study, composting biochar with cow manure is an encouraging 
method for reducing emission and increasing better quality compost. However, further 
researches are needed to understand the role of biochar in composting process and 
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Chapter 5 Heat Activation and Survival of Pathogens with Application 




























5.1 Objectives of this chapter 
Immature or incompletely decomposed compost have potential for carrying 
pathogens, and other undesirable substances. For safe use of compost, pathogens need to 
be inactivated or destroyed. Composting is an efficient way of inactivation of pathogens 
with the heat produced during degradation of organic matter. In this chapter, we focus on 
the effects of adding rice husk biochar in increasing degradation rate, thus increasing the 
temperature in composting pile resulting in inactivation of pathogen. In addition, 
time/temperature effects in inactivation of the pathogens will be discussed. 
5.2 Methodology 
5.2.1 Laboratory experiment 
A small-scale composting experiment was conducted using cow manure, rice straw 
and dried leaves as a constituent for the composting process. Four treatments were made 
for the experiment with different quantity of biochar added. The composition of the 
treatments is shown in table 5.1.  
Table 5.1 Composition of treatments 
Composition 
(g) 






Cow manure 3200** 3200** 3200** 3200** 
Litter + rice straw 1800* 1800* 1800* 1800* 
Rice husk biochar  250* 500* 750* 







To measure the change in temperature profile during the composting experiment 
thermocouple was positioned in the composting box as shown in fig. 5.1. The position of 
thermocouple was designated as T1, T2, T3, T4, T5, T6, T7 and T8. Temperature was 
measured using thermocouple attached to the data logger (Custom-CT 0580) and digital 
thermometer. Temperature was measured on daily basis. 
 
            Figure 5.1 Cross sectional diagram and position of thermocouple in 
compost pile laboratory experiment  
(● represents thermocouple) 
5.2.2 Field experiment 
A field experiment was conducted using cow manure, rice straw and dried leaves as 
the main constituents. This experiment was conducted for a period of ten days. Two 







Table 5.2 Composition of treatments 
Composition (g) Control Treatment with 10% biochar 
Cow manure 3200** 3200** 
Litter + rice straw 1800* 1800* 
Rice husk biochar  250* 
Note: * refers to air dry weight basis, ** refers to wet weight basis 
 
Figure 5.2 Cross sectional diagram and position of thermocouple in  
field experiment (● represents thermocouple) 
   The temperature profile was measured using thermocouples connected to the data 
logger at various depth of the composting pile. The position of thermocouple was 
designated as T1, T2, T3, T4, T5, T6, T7 and T8. Average daily temperature was 







5. 2. 3 Kinetics of composting 
Volatile solids (VS) were determined using ignition loss method. Samples of the 
composting substrates were taken at regular intervals and were subjected to drying and 
ignition in a muffle furnace. Volatile solid index was calculated comparing the volatile 
solid concentration in any time to initial volatile solids according to the following 
equation 5.1,  
Volatile solids index =
Volatile solid content
Initial volatile solids content
………………………...……………...Eq. 5.1 
Degradation of organic substrates as a function of time follows first order kinetics  
(Haug, 1993), the rate of degradation can be expressed by the following equation: 
dVS
dt
= −𝑘VS …………………………………………………………………...……................. Eq. 5.2 
Where, 
VS is the concentration of biodegradable volatile solids at any time in grams,  
t is the time in days and k is the first order reaction rate constant in day-1. 
 Eq. 5.2 by was integrated by letting VS = VS0 at t = 0, the concentration of organic matter 
at any time in the compost mass can be expressed as: 
  ln (
VS
VS0
) = −𝑘t…………………………………………………………………….…… Eq. 5.3 
5.2.4 Heat inactivation kinetics of microbial population   
Heat inactivation kinetics of microbial population can be expressed as first order kinetics 
(Haug, 1993) where a linear observation is made between survival rate and temperature - 
and can be expressed as shown in equation 5.4, 
dn
dt








          n = microbial cell population, 
   kd is thermal inactivation coefficient 
 Eq. 5.3, was integrated with kd as constant, no is initial cell population and nt is later 
population at time nt at time t, yields, 
nt = no e (-kdt) ………………………………………………………….…….......................... Eq. 5.5 
Taking log on both sides and rearranging, 
t = [ln (no/nt)]/kd  
 or,  
    kd = [ln(no /nt) ] / t ………………………………………………………................. Eq. 5.6 
Converting the base logs and considering a one log reduction in microbial cell population 
i.e., a reduction of 90% can be given as follows: 
t90 = Dr = 2.303/kd ………………………………………………….….……..……… Eq. 5.7 
The term Dr represents the decimal reduction time, the time required to achieve a 10-
fold reduction of cell population. The thermal inactivation coefficient was calculated 
using equation 5.6 using D-values of E. coli at 50 ºC, 55 ºC and 65 ºC with reference to 
Jiang et al., 2003. Accordingly, z-value was calculated using equation 5.8. 





                t is temperature  
                D is D-value at certain temperature 
5.2.5 Determination of pathogens in manure samples  







dilution and spread plate count method. The manure samples were cultured in XMG 
Agar (Nissui Pharmaceuticals Co. Ltd.) at 37 ºC for a period of 24 hours. In laboratory 
experiment samples were taken from the center of the pile T4, whereas in the field 
experiment samples were taken at T1, T2, T3, T4, T5, T6, T7 and T8. 
5.2.6 Simulation of heat inactivation of E. coli 0157:H7 
   With reference to the temperature results obtained during the composting experiments 
for laboratory and field experiments, simulation of thermal inactivation of E. coli 
0157:H7 was conducted using trapezoidal integration of equation 5.9 (Muramatsu et al., 
2019). This simulation was conducted in COMSOL Multiphysics interface, provided the 
data of the dimensions of the compost pile, D-value and z-value of E. coli 0157:H7. The 
D-value used was taken with reference to Jiang et al., 2003, and z-value was calculated 
using   D-values of E. coli 0157:H7 at two different temperatures.  
𝑙𝑜𝑔 [






𝑇(𝑥,    𝑦,    𝑧,    𝑡) − 𝑇𝑟
𝑧





N is no. of E. coli 0157:H7 survival 
x y, z, are the three dimensions of the compost pile 
N0 is initial no. of E. coli 0157:H7 
t is time (day) 
Dr is decimal reduction time at any temperature 
z is z-value of E. coli 0157:H7  
T is temperature 







5.3 Results and discussions  
5.3.1 Biochar effect in kinetics of composting 
Figure 5.3 shows the shows the change in degradation during composting process by 
monitoring volatile solid index.  
 
            Figure 5.3 Periodic change in volatile solid index 
Volatile solids are an indicator of organic matter content and their measurement is 
used as quick and reliable parameter for organic matter degradation kinectics during the 
composting process. It can be observed for all the treatments, decomposition follows an 
exponential decay trend. The degradation of organic substrates as a function of time 
follows the first order kinetics for all the treatments. The results of degradation rate is 
shown in table 5. 3. The highest biodegradability after 5 days of composting was seen in 







































constant of 0.039 dˉ1, followed by 5 % treatment with reaction rate of 0.034 dˉ1, with the 
least in control having 0.023 dˉ1 of reaction rate. At 60 days of composting, the 
degradability was in order of 5% treatment with 0.0079 dˉ1, 10% treatment with 0.0071 
dˉ1, 15% treatment with 0.0061 dˉ1, followed by control with 0.0052 dˉ1.  
Table 5.3 Values of first order reaction rate constant for each treatment 
Treatments 
Reaction rate at 
5 days of composting kt(d
-1) 
Reaction rate at 60 days of 
composting kt(d
-1) 
Control 0.023 0.0052 
5% 0.034 0.0079 
10% 0.039 0.0071 
15% 0.042 0.0061 
The obtained results show that adding of biochar enhances decomposition of organic 
matter and degradation rate of the composting substrates. The obtained results are also 
evident from the higher temperature obtained in biochar added treatments as shown in the 
previous results of temperature. The degradation rate was higher during early and 
decreased as the days passed for all the treatments. The decrease in degradation rate was 
due to decrease in degradable organic matter substrate and metabolic activity of 
microorganisms. The variation was consistent with earlier reports (Sanchez-Garcia et al., 
2015: Zhang and Sun, 2014). The results of increased degradation in biochar added 
treatments also agree to that of Zhang and Sun, 2014, which states that biochar 
amendment increased composting rate increasing temperatures due to denser substrates 
with filled pore spaces reducing the heat loss that occurs because of greater air space. 
Moreover, adding of biochar increased the oxygen uptake, moisture retention and 







biochar is a highly porous material having high capacity to retain excess water, improve 
aeration conditions and provide suitable conditions for microorganisms, promoting 
microbial activity and increasing organic matter degradation. According to Zhang et al., 
adding of biochar increases oxygen uptake and relative abundance of Actinobacteria, 
which are able to degrade organic matter, ultimately stimulating rapid heat generation. 
The low degradation rate in 15% treatments compared to 10% and 5% treatments in later 
part of composting period can be due to clogging of biochar by composting substrates, 
reducing the surface area, reducing degradation and heat release as explained by Prost et 
al., 2013.  
5.3.2 Temperature distribution in compost pile in laboratory experiment 
Temperature is a significant parameter in inactivation of pathogenic microbes during 
composting process. According to Haug, 1993, temperatures of around 55 ºC to 65 ºC are 
needed to kill all types of pathogen (except bacterial spores and prison) within hours. At 
lower temperatures longer duration are needed for inactivation of pathogenic microbes 
(Sahlstrom, 2003; Tiquia et al., 1998). Under optimal conditions, composting process 
proceeds in three phases: 1) mesophilic phase (moderate temperature phase), at the start 
of the process, 2) thermophilic phase (high temperature phase), early stages of the process, 
and finally, 3) maturation or cooling phase. Thermophilic phase, at temperature 55 ºC and 
above, inactivation of pathogens occurs rapidly. Table 5. 4 to 5. 7 (Note: Temperature 
above 50 ºC increases the inactivation of pathogens) shows the temperature distribution 
at various depths for a period of 10 days. Due to decrease in mass of organic substrates 
with time, data for temperatures at various depths could not be recorded after 10 days. 
The temperature increased for all the treatments in second day of the composting. The 







approximately in the middle of the composting box. The highest temperature reached was 
in order of 15% treatment > 10% treatment > 5% treatment > control.  At adequate 
application of biochar rates, it has been found to accelerate the composting process, 
mainly by improving the structure and homogeneity of composting materials by 
simulating the microbial activity. This increased microbial activity increases the 
temperature and shortens the time required for compost development (Fisher and Glaser, 
2012). Similar arguments were made by Li et al, 2015, according to which the increase 
in temperature with addition of biochar during composting period is attributed to 
decreased heat loss and higher microbial activity. The biochar added treatments 
maintained higher temperatures for longer periods. This observation is supported by that 
of Chen et al., 2010, which states that biochar addition in some cases caused extension of 
thermophilic phase during composting. In addition, biochar added treatments had higher 
temperature gain compared to control due to faster degradation and reduced heat loss as 
addition of biochar filled the air pores (Zhang and Sun, 2014). Khodadad et al., 2011, 
reports that adding of biochar increases the relative abundance of Actinobacteria, which 
are generally able to degrade more organic material, resulting in heat generation. 
5.3.3 Temperature distribution in compost pile in field experiment 
Table 5.8 and 5.9 shows the results of temperature distribution between the treatments in 
field experiment at various points of composting pile. Similar to the results of laboratory 
experiments, biochar added treatments had higher and larger period of high temperature 
compared to control. However, the temperature at the surface and sides were lower 
compared to laboratory experiments. This shows the importance of covering the pile 








   Table 5.4 Temperature distribution at T1 to T8 in control (Lab.) 
Day T1 T2 T3 T4 T5 T6 T7 T8 
Ambient 
temperature 
0 28.8 29.8 28.4 28.4 28.5 28.5 28.6 28.6 31.2 
1 34.5 42.7 45.7 47.6 44.5 40.4 43.1 34.7 32.6 
2 33.2 45.1 48.3 51.9 48.1 44.5 47.2 45.2 30.2 
3 31.3 41.3 47.5 50.6 49.5 48.5 47.5 44.2 30.0 
4 31.6 42.9 47.6 49.8 50.5 50.0 49.0 46.9 30.1 
5 33.4 40.3 43.3 48.0 48.0 47.8 45.8 44.1 31.0 
6 33.8 39.0 42.1 44.9 44.2 43.6 44.0 42.4 30.5 
7 29.0 38.9 41.0 43.7 41.3 41.3 41.6 40.0 29.5 
8 30.8 36.8 39.8 41.8 40.0 39.7 37.3 36.6 31.0 
9 30.7 34.5 39.1 40.8 39.6 40.1 38.8 38.7 34.0 
 
   Table 5.5 Temperature distribution at T1 to T8 in 5% treatment (Lab.) 
Day T1 T2 T3 T4 T5 T6 T7 T8 
Ambient 
temperature 
0 28.7 29.7 28.3 28.6 28.8 29.3 30.0 29.8 31.2 
1 32.5 44.8 47.9 50.2 47.1 43.6 47.5 45.9 32.6 
2 33.0 48.5 50.3 52.1 49.6 48.1 50.5 47.8 30.2 
3 35.4 45.5 50.0 53.8 52.4 50.3 52.9 49.8 30.0 
4 33.2 45.5 50.8 52.1 48.6 46.5 51.4 48.3 30.1 
5 35.3 44.0 48.1 51.1 49.5 48.8 49.6 47.2 31.0 
6 32.2 48.3 50.8 52.7 52.0 50.0 50.8 46.8 30.5 
7 30.3 46.5 48.3 48.7 48.6 48.2 48.3 45.0 29.5 
8 28.1 44.8 47.5 47.8 46.8 46.6 46.8 44.7 31.0 







    Table 5.6 Temperature distribution at T1 to T8 in 10% treatment (Lab.) 
Day T1 T2 T3 T4 T5 T6 T7 T8 
Ambient 
temperature 
0 32.5 30.0 30.0 30.0 29.3 30.6 30.0 30.0 31.2 
1 38.5 46.8 49.3 50.4 48.7 44.8 49.1 45.9 32.6 
2 31.0 48.4 52.2 54.2 53.1 51.0 52.8 49.0 30.2 
3 35.0 45.0 52.1 53.2 49.3 48.2 52.9 48.8 30.0 
4 33.8 47.2 51.5 53.1 50.0 48.2 52.4 49.2 30.1 
5 34.2 45.1 49.4 52.4 49.6 47.2 50.1 47.0 31.0 
6 35.6 48.9 51.1 52.5 51.7 49.6 51.8 47.4 30.5 
7 29.6 44.6 46.1 47.1 46.8 46.6 46.5 44.1 29.5 
8 29.2 42.5 45.6 46.0 45.2 41.2 45.2 44.1 31.0 
9 30.6 38.0 42.0 45.0 44.6 44.8 43.9 42.1 34.0 
 
    Table 5.7 Temperature distribution at T1 to T8 in 15% treatment (Lab.) 
Day T1 T2 T3 T4 T5 T6 T7 T8 
Ambient 
temperature 
0 30.1 30.1 30.3 30.3 30.4 30.3 30.2 30.2 31.2 
1 35.8 45.4 48.4 51.2 50.9 47.6 49.9 47.3 32.6 
2 32.3 49.2 53.4 54.8 54.1 51.9 53.2 50.1 30.2 
3 33.1 45.5 52.4 54.2 52.4 49.3 53.3 50.1 30.0 
4 32.6 46.6 51.9 53.5 50.8 48.3 52.1 49.6 30.1 
5 34.5 45.2 50.8 52.2 49.2 48.6 50.6 48.5 31.0 
6 32.1 46.5 49.9 50.5 49.5 47.5 49.6 46.7 30.5 
7 30.4 44.8 47.8 48.0 47.8 47.6 47.1 45.3 29.5 
8 30.4 43.8 44.3 46.2 45.4 43.6 45.3 43.4 31.0 







     Table 5.8 Temperature distribution at T1 to T8 in control (Field) 
Day T1 T2 T3 T4 T5 T6 T7 T8 
Ambient 
temperature 
0 21.9 23.2 22.2 23.3 24.2 22.5 24.1 23.0 17.0 
1 21.6 30.9 33.2 33.4 31.8 22.0 33.2 21.4 19.0 
2 22.1 40.2 45.9 50.6 37.9 22.6 42.5 23.2 18.0 
3 22.9 40.9 53.2 56.5 40.0 22.6 42.8 25.3 20.9 
4 23.9 40.6 51.3 56.2 40.0 22.6 43.7 26.9 20.0 
5 23.4 39.0 50.8 55.0 41.9 23.3 43.6 26.6 19.6 
6 24.2 38.4 50.0 54.4 40.3 24.2 42.5 26.4 21.4 
7 24.0 36.8 48.9 52.5 39.2 23.7 41.7 25.1 21.2 
8 25.2 35.6 46.3 47.5 38.3 24.4 40.1 25.0 17.6 
9 25.7 33.8 44.9 46.9 37.4 24.7 38.6 23.5 21.0 
 Table 5.9 Temperature distribution at T1 to T8 in biochar added treatment (Field) 
Day T1 T2 T3 T4 T5 T6 T7 T8 
Ambient 
temperature 
0 21.9 23.0 22.1 23.2 24.4 23.0 24.1 22.0 17.0 
1 21.6 34.4 33.0 33.0 32.9 21.4 32.2 22.1 19.0 
2 22.3 41.1 51.4 51.2 43.7 23.2 42.5 22.7 18.0 
3 23.3 42.1 57.4 57.4 49.6 25.3 42.8 23.0 20.9 
4 24.4 42.7 58.6 58.7 52.4 26.9 43.7 23.3 20.0 
5 24.0 42.6 58.5 58.7 51.3 26.6 43.6 23.7 19.6 
6 24.8 42.7 58.5 58.6 49.9 26.4 42.5 25.3 21.4 
7 24.8 42.7 55.2 55.2 46.9 25.1 41.7 25.0 21.2 
8 25.2 39.1 49.4 49.4 39.7 24.0 40.1 27.6 17.6 







5.3.4 Result of heat inactivation kinetics of E. coli 
The result of D-values (Jiang et al., 2003), Z-values and thermal inactivation 
coefficient is shown in table 5.10. The inactivation of pathogenic E. coli increases with 
increase in thermal activation coefficient. The D-values for 50 ºC, 55 ºC and 65 ºC is 135 
minutes, 35.4 minutes and 3.9 minutes respectively, shows that with increased 
temperature the time taken for inactivation of pathogenic E. coli increases significantly.  
The number of E. coli 0157:H7 in cow manure is in the range between 102 to 105 cfu/g 
(Sakchai et. al., 1999). Assuming 105 cfu/g as a population in a manure sample, it will 
take 675 minutes at 50 ºC, 177 minutes in 55 ºC and 19.5 minutes at 65 ºC for complete 
destruction of E. coli 0157:H7. Whereas, an increase of 9.8 ºC is required for one log 
reduction of E. coli 0157:H7. With reference to the results of temperature, it is understood 
that thermal inactivation coefficient will be higher affecting the D-value and thermal 
inactivation of E. coli 0157:H7 in biochar added treatments. 
Table 5.10 D-value, z-value and thermal activation coefficient  
of E. coli 0157:H7 
Temperature D-value (mins) Z-value (ºC) kd 
50 ºC 135 
9.8 
0.017 
55 ºC 35.4 0.065 
65 ºC 3.9 0.591 
Note: Z-value and kd was calculated using D-value 
 (Jiang et al., 2003). 
5.3.5 Effect of temperature in inactivation of pathogens  
Table 5.11 shows the results of change in survival of E. coli during the composting 







temperatures observed in the experiment, all the treatments had temperature of more than 
50 ºC for a period of 2 days in the center of pile. Most of the pathogenic microorganisms 
survive well at low temperature and gets killed at temperature above 50 ºC.  
Table 5.11 Survival of E. coli in center of the pile  












0 1.3×105 1.3×105 1.3×105 1.3×105 
5 nd nd nd nd 
10 nd nd nd nd 
20 nd nd nd nd 
30 nd nd nd nd 
50 nd nd nd nd 
60 nd nd nd nd 
Note: nd refers to not detected. 
Escherichia coli O157:H7 is the serotype of E. coli that is most significant 
pathogen and causes most health problems for humans. E. coli O157:H7 has ability to 
survive for up to 10 weeks in cow manure and has also been shown to produce toxin and 
multiply in manure at 22 °C and 37 °C (Wang et al., 1996). E. coli 0157:H7 is used as 
model microorganism in pathogen inactivation studies. E. coli 0157:H7 has its D-value 
(time required for 90% destruction of microorganism) at 135 minutes (Jiang et al., 2003). 
Other than heat, pH (highly acidic or alkaline conditions), availability of nutrients and 
competition between microorganisms’ results in inactivation of pathogens (Shonning and 







points of the compost pile in the field experiment. The initial population of E. coli was 
2.0×106 cfu/g. According to result observed, complete inactivation in control occurred in 
T4. Whereas, in 10% treatment, complete inactivation was observed in T3, T4 and T5. 
Referring to the temperature results shown in table 5.8 and 5.9, it can be observed that 
10% biochar added treatments had higher temperature attained with larger distribution of 
heat and for a longer period compared to control. The results showed complete 
destructions of pathogen in some portion of pile, but there were portions which still had 
active pathogens. 
Table 5.12 Survival of E. coli in various point  
of the pile in Control (field experiment) 
Location 5 day (cfu/g) 10 day (cfu/g) 
T1 3.8×104 1.4×102 
T2 4.9×105 2.5×103 
T3 7.9×104 1.4×101 
T4 nd nd 
T5 1.7×104 4.7×101 
T6 5.3×104 4.8×103 
T7 6.2×103 6.6×102 
T8 7.2×104 1.4×103 
Note: nd refers to not detected. 
There are several reasons for the survival of pathogens throughout the composting 
process and regrowth of pathogens under favorable conditions (Gibbs et al., 1997; Burge 
et al., 1987). This condition can further cause contamination of sanitized portions of pile 







be the result of insufficient time-temperature criteria for the treatment, or the temperature 
not being uniform throughout the whole compost pile due to poor insulation or no 
insulation at all. 
 
Table 5.13 Survival of E. coli in various point of  
the pile in 10% treatment (field experiment)  
Location 5 day (cfu/g) 10 day (cfu/g) 
T1 3.9×104 4.6×102 
T2 4.1×104 6.6×101 
T3 nd nd 
T4 nd nd 
T5 nd nd 
T6 4.0×103 1.4×101 
T7 4.4×103 2.5×101 
T8 5.3×104 1.4×102 
Note: nd refers to not detected. 
It has also been understood that clumping of solids effects the heat distribution, 
where large particles in the compost pile may not receive adequate oxygen needed for 
microbial activity for heat generation (He at al., 2001). Sanchez-Garcia et al., 2015, in 
their experiment using biochar in poultry manure composting reported minimum 
formation of large clumps. Haug, 1993, estimated particles of size between 1 to 10 cm 
radius will have small conductive time, whereas, clumps which are bigger than 20 cm 
radius can have significant heating time. Thermal inactivation is also affected by     







formed harboring pathogens. Turning or mixing of the compost pile is said to be efficient 
in exposing all the particles in the compost to high temperature conditions. Additionally, 
turning can increase oxygen concentration resulting in better decomposition of organic 
substrates. 
5.3.6 Simulation of thermal inactivation of E. coli 0157:H7  
The results of simulation of thermal inactivation of E. coli 0157:H7 at various depth 
of composting pile is shown in fig. 5.4 for control in laboratory experiment. The obtained 
results correspond to the temperature profile observed during the experiment in control 
which is shown in fig. 5.5. According to the results, at point T4 and T5 the survival of  
E. coli 0157:H7 has a rapid decrease. T4 and T5 are the points in the compost pile where 
the temperature is highest. On the other hand, T7, which shows low temperature profile 
requires more time for decrease in number of pathogenic E. coli 0157:H7.  
 
Fig. 5.4 Simulation of thermal inactivation of E. coli 0157:H7 


































Fig. 5.5 Temperature profile at various points 
    in control (laboratory experiment) 
 
 
    Fig. 5.6 Simulation of thermal inactivation of E. coli 0157:H7 


















































Fig. 5.7 Temperature profile at various points 
in control (field experiment)  
   Figure 5.6 shows the simulation of survival of E. coli 0157:H7 for control in field 
condition, which corresponds to the results of temperature shown in fig 5.7. As can be 
observed from the results, thermal inactivation of E. coli 0157:H7 is rapid at point T3 and 
T4 where the temperature is highest compared to the points T2, T5 and T7. The results of 
the simulation give us a value of temperature and time needed for effective inactivation 
of pathogens in the compost pile for better designing and management of composting 
process.  
5.3.7 Factors inhibiting complete inactivation of pathogen during composting 
process 
The formation of large clumps during composting process can create anaerobic 
conditions, reducing the effectiveness of composting process (He et al., 2001). Large  



























build-up from within the particle itself. This effect the thermal inactivation of pathogens. 
Adding of biochar can be effective as biochar affect the physical properties of the 
composting mixture, by providing air due to its porous nature and water holding capacity. 
In addition, the surface of biochar acts as a breeding space for microbes, enhancing 
degradation of organic matter and releasing heat. Sanchez et al., 2015, in their study with 
composting of poultry manure with biochar found decreased formation of large clumps, 
increasing the proportion of small particles.   
 
        
        Fig. 5.8 Role of biochar in reduction of formation of clumps 
Additionally, to the formation of large clumps, non-uniform distribution of 
temperature in a compost pile can affect thermal inactivation of pathogens. During 
composting process uniform temperatures will not exist throughout the entire compost 
mass. Areas of the pile having low temperatures are formed which may allow pathogenic 
microbes to survive. Compost mixing and turning, where compost is agitated at frequent 
intervals can aerate the compost pile, drain the excess water present and undecomposed 
materials will be mixed up into center of pile continuing the process. This can increase 







Haug, 1993, estimated analytically using calculation (Eq. 5.9), the number of 
turnings needed for inactivation of pathogens, provided several assumptions made. 
Supposing a compost pile composed of two areas, each having a uniform temperature 
where thermal inactivation doesn’t occur and areas of high temperatures where thermal 
inactivation occurs. In the given scenario, thermal inactivation can be given by the 
following equation, 
         nt = n0 [f1+f2e
(-k
d
Δt)]N ........................................................................................................... Eq. 5.9 
and  
         f1+f2 = 1…………………………………………………………………………………………….. Eq. 5.10 
Where, 
      nt = number of organisms surviving 
      n0 = initial number of organisms  
      f1 = fraction of composting material in sub lethal zone 
      f2 = fraction of composting material in lethal zone 
      Δt = time interval between compost turning 
      kd = thermal death coefficient as defined by equation 5.7 
      N = number of turnings 
Equation 5.9 was calculated for 55 ºC and 65 ºC with various assumed conditions. 
Two different values of f1 having 50% and 80% were considered for the calculation. 
Values for kd for 55 ºC and 65 ºC was used as 0.065 and 0.591 respectively as showed in 
table 5.14. Time interval between compost turning Δt was taken for as 10 days. Fig 5.5 
shows the microbial survival at 55ºC having the lethal zone in composting process is 50%. 
Whereas, fig 5.6 shows the microbial survival at 55 ºC having lethal zone of 80%. 








        Figure 5.9 Microbial survival as function of kdΔt at 55ºC 
 
 


















































Figure 5.11 Microbial survival as function of kdΔt at 65ºC 
 

















































According to the obtained calculations, microbial survival decreases with increase in 
temperature and portion of compost pile in higher temperature areas. Referring results of 
temperature, biochar enhances temperature rise and distribution in a compost pile, 
resulting in inactivation of pathogens. Nevertheless, with application of biochar heat 
generation and distribution is efficient, effecting the thermal activation coefficient and   
D-value of pathogens. Subsequently, decreasing the turning frequency and increased 
thermal inactivation. 
5. 4 Conclusions of the chapter 
This study was done to see the effects of adding rice husk biochar for increased 
degradation of organic substrate resulting in higher temperature and heat distribution in 
the compost pile. Subsequently, effecting thermal inactivation of the pathogens. 
According to the results obtained, biochar enhanced organic matter degradation. 
Concurrently, biochar added treatments had higher temperature gain for larger 
distribution and longer periods. Temperature effects thermal activation coefficient and  
D-value of pathogens. With increased temperature with addition of biochar increased 
thermal activation coefficient and D-value for pathogens. Understanding the D-value and 
z-value of pathogens can be useful in managing composting process for thermal 
inactivation of pathogens. The results of simulation of thermal inactivation of E. coli 
0157:H7 shows that at high temperatures above 50 ºC, the survival of pathogen decreases 
rapidly. Therefore, with knowing the temperature and period, assumption can be made 
for pathogen survival. It was also observed that formation of large clumps and areas 
within the compost pile having low temperatures, can harbor pathogens. Addition of 
biochar increases the porosity, making aerobic conditions for enhanced microbial activity, 







inactivation of pathogens. Turning or mixing of compost pile was suggested as one of the 
approaches for complete inactivation of pathogens. For effective inactivation of pathogen 
in compost pile, high heat and larger distribution in a compost pile is a significant factor 
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Nepal is a small country in South Asia, where agriculture is a main source of 
employment. More than sixty-five percent of the population is involved in agriculture and 
accounts for approximately 36% of country’s GDP. Agriculture is subsistence type with 
farmers having small land holdings. Soil fertility status in mid-hills of Nepal is considered 
low due to poor soil fertility management practices. Farmers in mid-hills of Nepal, has 
been maintaining soil fertility with application of locally made FYM. In recent years, use 
of chemical fertilizers is in increase. However, chemical fertilizers are not easily available 
in mid-hills of Nepal. The FYM used by local farmers are considered of low quality due 
to lack of technological knowhow in composting process, storage, and management 
practices. This has resulted in low nutrient content leading to decreased soil fertility and 
land degradation. 
A study was conducted to understand the present conditions and constraints in 
management of FYM in Dhankuta districts which lies mid-hills of Nepal. It was 
understood that FYM used by the farmers were not completely decomposed or matured. 
Consequently, the organic fertilizers had imbalanced C/N ratio and were low in nutrient 
contents. Additionally, due to the immatureness, pathogenic microbe E. coli population 
was high. Various factors such as composting techniques, imbalance of C/N ratio of the 
starting material and heat loss during composting were major constraints. Therefore, the 
study focused on approaches to enhance composting process of FYM for attaining 
matureness and stability, better nutrient content, and elimination of pathogens from the 
compost. 
To enhance the fermenting process of FYM, microbial inoculant made from Bacillus 
sp. was applied to the composting materials. This was to examine if adding of Bacillus 







rice husk and rice straw and was added at the start of composting process. The results 
showed that adding of Bacillus sp. was effective in increasing the temperature of the 
compost. This signifies better microbial activity during composting process, as heat is 
released during organic matter decomposition. The elevated temperature shows 
effectiveness of Bacillus sp. in composting process. Additionally, increased microbial 
activity and increased temperature enhanced decomposition of organic matter. 
Considering these results, it was estimated that adding of Bacillus sp. could reduce the 
length of the composting time. Further, there was increase in nitrogen and phosphorus 
content. Plant growth experiment resulted in better development of plants. Thus, with the 
observed results it was concluded that adding Bacillus sp. is beneficial for enhancing 
degradation and mineralization of organic substrate for better quality FYM. 
Nitrogen loss during composting process of nitrogen rich matter such as cow manure 
effects the agronomic value of finished compost. Reducing nitrogen loss during 
composting process is significant for sustainable agriculture. Therefore, this study 
discusses the effects of composting cow manure with rice husk biochar in reducing NH3 
and N2O emission and increasing the agronomic value of compost. Three treatments of 
5%, 10% and 15% of rice husk biochar were composted with cow manure. The results 
showed that addition of biochar is effective in reducing emission of NH3 and N2O. This 
can be credited to the structure of biochar with high number of micropores and surface 
area that enables absorption / adsorption of NH3, N2O, water soluble NH4
+ as well as NO3. 
Additionally, adding biochar resulted in enhanced mineralization and degradation with 
better nitrogen content and C/N ratio in biochar amended treatments. 15% biochar added 
treatments was effective in reduction of NH3 and N2O. Whereas, low application rates of 







speculated that adding of biochar helped in increasing oxygen content and retention of 
water, enhancing better microbial metabolism and mineralization. With the obtained 
outcomes, it can be said that composting biochar with cow manure is encouraging method 
for reducing nitrogenous emission and increasing quality of compost.  
One of the major challenges seen in finished compost was high pathogenicity in 
finished compost. Subsequently, focus was put on heat activation by enhanced 
decomposition of organic substrates and inactivation of pathogen with adding of rice husk 
biochar. The results showed that addition of rice husk biochar increased the degradability 
of organic substrates resulting in higher temperatures. The temperature profile in the 
compost pile showed that rice husk biochar added treatments had larger distribution and 
longer duration of pathogen inactivation temperatures. The inactivation of pathogen is 
dependent on temperature/time relationship. The biochar added treatment had higher 
inactivation rate as biochar enhanced increased temperature for a longer period of time. 
Also, adding biochar decreases the formation of clumps, which can cause heat distribution 
in a compost pile. In the other hand, in a compost pile where the temperature was not high 
enough for inactivation, pathogenic microbes survived. This can cause contamination of 
sanitized portion of compost through transport of pathogens through different vectors.  
According to the results of this study, it has been understood that farmers have 
perception of using matured FYM, which may be the reason for aggravated soil fertility. 
Major challenges faced using immature FYM were, imbalances in nutrients due to low 
degradation and mineralization and high pathogenicity in finished compost. Therefore, 
farmers should be educated on significance of using matured fertilizers. Additionally, 
sustainable strategies should be developed for better FYM. Application of Bacillus sp. is 







as lack of microbial activity is one of the causes for low maturity. Use of biochar has high 
significance in reducing nitrogen emission, increasing agronomic value and better 
degradation of organic matter and is applicable during cow manure composting. 
Application of Bacillus sp. inoculant as well as biochar showed better degradation and 
mineralization of organic substrate, therefore application of both the approaches can be a 
adopted for better quality FYM in mid-hills of Nepal. According to the results of this 
study, Bacillus sp. at 1012 cfu/kg, 1014 cfu/kg and 1016 cfu/kg did not show significant 
difference in the results, therefore recommendation can be made for the lowest content of 
Bacillus sp. at 1012 cfu/kg. On the other hand, biochar at low content of 5% and 10% 
treatment showed better nutrient content, whereas, 15% treatment was efficient in 
reducing nitrogen loss. Subsequently, recommendation can be made according to desired 
purpose for using biochar. 
 Integrated use of Bacillus sp. and biochar can lead to enhanced quality of end product, 
resulting in organic matter humification and nitrogen conservation. Adding of biochar 
into composting pile provides suitable habitat for the microorganisms and improves the 
environmental condition of microbial growth (e.g. moisture, aeration, and nutrient 
availability). Bacillus sp. enables the humification and degradation of organic substrates. 
Additionally, it also helps in development of nitrifying bacteria promoting nitrification 
process, enhancing nitrification process lowering NH4
+ and NO3
-. However, further study 
on interaction between biochar and microbes on enhancing degradation, reduction of 
nitrogenous gases should be conducted. Thermal inactivation of pathogen present in the 
compost is dependent on temperature and time. Temperature higher than 50 ºC was seen 
efficient in killing of pathogens if the temperature is maintained for more than 2 days. 







process by covering their compost pile. Turning and mixing of compost pile can increase 
the possibility of killing pathogens, which is dependent on high temperature attainment 
and distribution. In the context of mid-hills of Nepal, use of inoculants of Bacillus sp. and 
rice husk biochar can be an approach for enhancing composting process. However, 
farmers should also be educated on factors such as aeration, moisture, C/N ratio etc. for 
efficient composting process. The results of temperature distribution in compost profile 
between laboratory and field experiment showed, covering of compost can have 
significant effects on reducing heat loss. Therefore, using cover during composting 
process is also recommended as it can decrease loss of heat, retain moisture for better 
degradation and quality of FYM. Subsequently, local farmers should be trained on 
production and application of the proposed approaches. Additionally, participatory testing 
and adaption through farmer led experimentation should be conducted for better 
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Questionnaire survey used for the study 
 
1.  Name    2. Age      3. ☐ Male         ☐ Female 
4.  Address:  
5.  Total numbers of family members:  
6.  Total numbers of family members working in agricultural field:  person/people 
7.  Total area of land owned:       Cultivated land:    Altitude………………………… 
8.  Land type             ☐Khetland           ☐Bariland 
9.  Information on crops. 
Name of crop Total area Sowing month Harvest month Yield 
Rice    VL L H VH 
Wheat    VL L H VH 
Maize      VL L H VH 
Tuber    VL L H VH 
Vegetables        VL L H VH 
 
10. Cropping pattern maize-veg 
Less than 1000m ☐ rice-wheat-rice ☐ rice-wheat-maize ☐ rice-wheat-fallow 
1000 – 1500 m ☐ rice- wheat-fallow ☐ rice-potato ☐ rice-lentils/peas 
1500 – 2400 m ☐ rice –fallow ☐ buckwheat-wheat ☐ potato-fallow 
 
11. What do you do with the production? 
☐ Family consumption    ☐ For sales      Quantity : 
12. What is the source for irrigation water? 
☐ Rainwater   ☐ River    ☐ Pond    ☐ Groundwater   ☐ Others 
13. What problems do you face in your farmland? 
☐ Hard to cultivate  ☐ Low fertility  ☐ Soil erosion  ☐ Landslide  ☐ Others 
14. How does soil erosion effect your farmland? 
☐ Soil degradation    ☐ Sediment yield  ☐ Nutrient loss   ☐ Decrease in land productivity 
15. How is the severity of soil erosion? 
☐ Very low  ☐ Low    ☐ Normal    ☐ High  ☐ Very high 
16. Do you practice any measures for controlling soil erosion? 
☐ Buffer strip   ☐ Mulch   ☐ Gabions  ☐ Terracing  ☐ Others 
17. How much percentage of your farmland is under conservation? 







18. Do you keep animals?     ☐ Yes    ☐  No 
Kinds:                  Number：   
19. How do you maintain soil fertility in your farmland? 
☐ Chemical fertilizer  ☐ Chemical fertilizer+ farmyard manure  ☐ legumes  
☐ Green manure     ☐ Others 
20. Do you use chemical fertilizer ? 
☐ Yes             ☐ No      Type:    Quantity:                                                                   
21. How much do you spend in chemical? ……….. Rs/year approx. 
22.Are you satisfied with the quality of fertilizers sold in the market? 
☐ Yes              ☐ No         Reason :    
23. What is the composition of farmyard manure? 
☐ Animal waste   ☐ Crop residues  ☐Bedding material  ☐ Others 
24. How many times do you apply in a year? 
☐ 1 time/year   ☐ 2 times/year   ☐ 3 times/year  ☐ Others 
25. How much manure do you apply annually? 
☐ Less than 1 ton/ha   ☐ 1-2 ton   ☐ 2-3 ton/ha   ☐ More than 3 ton/ha 
26. How much time do you allow for the preparation of manure? 
☐ 3 months  ☐ 6 months   ☐ 9 months  ☐ Others 
27. Where do you prepare and store the manure? 
☐ Farm   ☐ Pit   ☐ Pit with cover  ☐ Others 
28. Are you member of any cooperative or agricultural institution? 
☐ Yes   ☐ No   
29.  Have you taken any training or attended workshop regarding agriculture and 
conservation? 
☐Yes    ☐ No. 
30. Do you get any kind of govt. or other institutional assistance? 
☐ Seeds  ☐ Machinery  ☐ Fertilizers   ☐ Grant   ☐ Others 
31. How often does a extension officer visit you? 
☐ Not at all   ☐ Once a year    ☐ Twice a year  ☐ Every six months ☐ Every month 
32. What is the source of drinking water? 
☐ Tap water  ☐Springwater  ☐ Ponds and rivers   ☐ Others 
33. Do you know any instances where diseases caused by eating raw vegetables and drinking 
water 
☐ Diarrhea   ☐ Fever   ☐ Stomachache   ☐ Others. 
Note: Abbreviation; VL-very low, L-low, N-normal, H-high, VH- very high 








 Table Average temperature and rainfall 
    of study area (2017~2018) 
Month 
Avg. 
temperature ( C̊) 
Avg. rainfall 
(mm) 
0ctober 22.9 31.6 
November 18.4 0 
December 15.9 0.6 
Janaury 12.9 0 
Febraury 15.3 3.8 
March 19.5 53.2 
April 20.6 122.8 
May 23.5 99.8 
June 25.9 144.2 
July 26.6 117.2 
August 26.6 140.6 
September 24.6 89.2 
Source: Hobo rain gauge 
  
Chapter 3 
Table Periodic change in temperature during the composting process 
Day Control Treatment 1 Treatment 2 Treatment 3 
Ambient 
temp. 
5 14 14 14 14 36 
10 52 57 59 60 37 
15 55 59 58 60 40 
20 50 58 57 55 38 
25 45 53 54 44 37 
30 45 44 44 43 40 
35 43 44 43 44 39 
40 44 42 42 42 40 
45 43 41 42 41 38 
50 42 43 43 41 39 
55 43 43 42 42 40 














Carbon pH EC 
 （%） （mg kg-1） （%） （-） （mS/cm） 
Cow manure 71.7 2.37×104 50.6 6.79 2.20 
Litter 13.1 - 48.2 6.00 3.10 
Rice straw 11.2 - 56.5 5.99 2.20 
Rice husk biochar 13.5 1.24×103 37.0 7.31 0.400 
Sample（0 day, control） - 1.51×104 55.6 7.25 2.80 
Note: Values are mean ± SD (n=3) 
Table. Periodic change in water content 
Day Control 5% 10% 15% 
5 72.3±0.74 68.8±1.49 65.6±1.05 70.7±2.0 
10 73.6±0.37 71.9±0.75 69.6±1.37 73.6±0.73 
20 74.9±0.34 72.2±1.19 71.2±0.20 74.6±2.0 
30 70.9±1.32 72.2±0.35 69.1±0.32 71.0±0.1 
40 72.2±0.29 71.4±0.34 67.7±1.07 70.9±0.41 
50 68.0±0.60 69.0±0.50 66.9±1.09 67.9±0.81 
60 62.5±1.74 68.6±0.86 67.6±0.16 67.8±1.91 
Note: Values are mean ± SD (n=3 
Table. Periodic change in pH 
Day Control 5% 10% 15% 
0 7.0±0.02 6.7±0.03 6.6±0.01 6.7±0.02 
5 7.6±0.01 7.7±0.06 7.8±0.02 7.9±0.01 
10 7.4±0.03 7.8±0.01 7.9±0.01 7.9±0.02 
20 7.1±0.04 7.1±0.04 7.1±0.11 7.0±0.03 
30 7.2±0.18 7.4±0.06 7.5±0.04 7.4±0.06 
40 7.7±0.16 7.5±0.02 7.5±0.07 7.2±0.04 
50 7.1±0.16 7.2±0.02 7.1±0.07 7.0±0.04 
60 7.6±0.06 7.4±0.12 7.5±0.12 7.3±0.19 







          Table Periodic change of temperature profile in Control 
Day T1 T2 T3 T4 T5 T6 T7 T8 
0 28.8 29.8 28.4 28.4 28.5 28.5 28.6 28.6 
1 34.5 42.7 45.7 47.6 44.5 40.4 43.1 34.7 
2 33.2 45.1 48.3 51.9 48.1 44.5 47.2 45.2 
3 31.3 41.3 47.5 50.6 49.5 48.5 47.5 44.2 
4 31.6 42.9 47.6 49.8 50.5 50.0 49.0 46.9 
5 33.4 40.3 43.3 48.0 48.0 47.8 45.8 44.1 
6 33.8 39.0 42.1 44.9 44.2 43.6 44.0 42.4 
7 29.0 38.9 41.0 43.7 41.3 41.3 41.6 40.0 
8 30.8 36.8 39.8 41.8 40.0 39.7 37.3 36.6 
9 30.7 34.5 39.1 40.8 39.6 40.1 38.8 38.7 
10 34.4 36.6 40.3 41.2 40.4 40.5 39.3 39.2 
11 33.9 37.4 38.3 39.3 35.8 38.8 37.3 37.0 
12 30.0 33.8 36.8 37.0 37.1 37.0 36.1 35.3 
13 28.6 35.1 36.1 36.1 36.0 36.0 35.2 34.6 
14 31.2 34.6 34.6 36.8 36.6 36.4 36.3 36.2 
15 30.2 35.6 36.6 37.1 37.0 36.6 36.4 35.4 
16 35.6 37.0 37.6 37.6 37.0 36.8 38.3 35.8 
17 30.2 35.6 36.6 37.1 37.0 36.6 36.4 35.4 
18 28.0 37.5 39.6 39.6 39.8 39.7 38.5 37.6 
19 32.0 36.6 37.3 37.6 37.6 37.6 37.3 36.3 
20 29.5 33.3 35.0 35.6 35.5 35.3 35.5 34.1 
21 32.1 35.1 37.6 37.0 37.0 36.9 37.6 37.6 
22 29.9 33.6 34.6 35.3 34.8 34.6 35.1 34.1 
23 29.9 33.6 34.6 35.3 34.8 34.6 35.1 34.1 
24 33.6 32.0 32.0 32.1 32.1 32.1 32.6 32.3 
25 33.6 32.0 32.0 32.1 32.1 32.1 32.6 32.3 
26 31.3 33.0 33.2 33.3 33.3 33.1 33.8 32.8 
27 28.5 29.8 30.3 30.5 30.1 30.2 30.6 30.1 
28 26.0 29.5 29.9 29.8 29.8 29.8 30.8 30.1 
29 31.6 33.0 33.1 33.0 32.6 32.6 33.5 33.5 
30 32.4 33.5 33.2 33.3 33.5 33.3 33.8 34.6 
31 29.9 34.6 34.4 34.3 34.4 34.3 34.8 34.9 
32 32.3 33.5 33.8 33.8 33.8 33.8 34.5 34.4 







34 31.8 36.1 37.1 37.1 37.1 37.1 37.1 37.8 
35 31.1 32.3 32.3 32.4 32.4 31.8 32.5 32.6 
36 31.4 32.5 32.6 32.6 32.7 31.9 32.7 32.6 
37 28.5 27.3 27.0 27.1 27.1 27.3 26.8 26.7 
38 26.1 26.4 26.5 27.0 27.0 26.4 26.5 26.6 
39 28.4 29.6 nd 29.9 nd 29.8 nd nd 
40 28.5 29.6 nd 29.8 nd 29.6 nd nd 
41 25.0 27.0 nd 28.1 nd 27.4 nd nd 
42 24.9 27.0 nd 27.4 nd 27.1 nd nd 
43 24.9 27.0 nd 27.4 nd 27.1 nd nd 
44 25.3 26.1 nd 27.3 nd 26.6 nd nd 
45 25.3 26.1 nd 27.3 nd 26.6 nd nd 
46 27.6 28.4 nd 28.5 nd 28.5 28.1 28.1 
47 27.4 28.4 nd 28.5 nd 28.5 28.1 28.1 
48 27.6 29.0 nd 30.5 nd 30.1 29.6 29.1 
49 26.6 28.3 nd 29.9 nd 29.8 29.6 29.1 
50 28.6 28.1 nd 27.7 28.0 28.2 27.9 28.5 
51 29.6 nd nd 28.2 nd 28.1 28.7 29.1 
52 29.8 nd nd 28.3 nd 28.3 28.8 29.1 
53 28.8 nd nd 28.4 nd 28.4 28.8 28.1 
54 28.8 nd nd 28.4 nd 28.4 28.8 28.1 
55 28.4 nd nd 28.5 nd 28.5 28.5 28.4 
56 29.8 nd nd 29.9 nd 29.9 29.8 29.7 
57 28.6 nd nd 28.8 nd 28.8 28.8 28.9 
58 29.7 nd nd 28.2 nd 28.2 28.5 28.4 
59 29.8 nd nd 28.3 nd 28.3 28.8 29.1 
60 29.5 nd nd 28.2 nd 28.1 28.7 29.1 
            nd refers to not detected 
 
          Table Periodic change of temperature profile in 5% treatment 
Day T1 T2 T3 T4 T5 T6 T7 T8 
0 28.7 29.7 28.3 28.6 28.8 29.3 30.0 29.8 
1 32.5 44.8 47.9 50.2 47.1 43.6 47.5 45.9 
2 33.0 48.5 50.3 52.1 49.6 48.1 50.5 47.8 
3 35.4 45.5 50.0 53.8 52.4 50.3 52.9 49.8 







5 35.3 44.0 48.1 51.1 49.5 48.8 49.6 47.2 
6 32.2 48.3 50.8 52.7 52.0 50.0 50.8 46.8 
7 30.3 46.5 48.3 48.7 48.6 48.2 48.3 45.0 
8 28.1 44.8 47.5 47.8 46.8 46.6 46.8 44.7 
9 30.6 41.4 46.2 47.3 47.0 46.1 47.0 44.4 
10 34.8 38.1 45.1 46.0 45.0 45.3 45.0 44.0 
11 35.2 40.6 43.1 43.6 43.4 43.1 43.5 41.8 
12 33.0 39.1 40.1 40.4 40.3 40.1 40.3 39.0 
13 29.6 37.6 38.1 39.1 39.0 37.6 39.1 38.2 
14 32.3 36.3 37.5 37.6 37.6 37.2 37.2 36.4 
15 30.1 34.8 36.2 36.6 36.4 36.3 36.5 35.5 
16 34.0 36.4 36.4 36.4 36.3 36.3 37.3 36.3 
17 30.1 34.8 36.2 36.6 36.4 36.3 36.5 35.5 
18 29.0 32.8 35.2 35.6 35.3 35.1 34.6 34.3 
19 28.1 35.4 36.4 36.4 36.4 36.2 36.3 35.7 
20 29.5 32.6 35.6 35.6 35.6 35.5 35.4 34.3 
21 32.1 36.0 38.3 38.4 37.9 37.8 38.1 37.5 
22 29.4 35.0 37.3 38.0 37.9 37.1 37.3 36.3 
23 29.4 35.0 37.3 38.0 37.9 37.1 37.3 36.3 
24 34.1 34.9 35.1 35.0 34.7 34.6 35.7 34.5 
25 34.1 34.9 35.1 35.0 34.7 34.6 35.7 34.5 
26 31.6 33.6 34.4 34.6 34.5 34.3 35.3 34.1 
27 28.4 32.4 32.7 32.8 32.8 32.8 32.5 32.5 
28 28.4 30.3 31.1 31.2 31.1 31.1 31.1 31.3 
29 30.0 35.5 36.6 36.1 35.0 34.4 36.1 35.3 
30 31.5 36.3 35.8 35.8 35.8 35.7 36.2 36.8 
31 30.3 37.4 38.1 37.8 37.4 37.4 38.6 37.8 
32 31.0 36.0 36.6 36.6 36.6 36.6 37.0 36.9 
33 32.7 39.0 39.3 39.1 38.5 38.1 39.0 38.9 
34 32.7 39.0 39.3 39.1 38.5 38.1 39.0 38.9 
35 27.0 32.8 34.3 34.5 34.5 34.1 33.8 34.0 
36 27.2 32.9 34.7 34.8 34.8 34.3 33.9 34.2 
37 26.3 26.7 26.8 27.0 27.5 27.7 27.1 27.3 
38 26.3 28.3 29.6 29.7 29.5 29.3 29.5 29.0 
39 28.5 29.6 nd 30.2 nd 30.1 nd nd 







41 25.6 28.6 nd 29.1 nd 28.5 nd nd 
42 25.4 27.6 nd 28.1 nd 28.1 nd nd 
43 25.4 27.6 nd 28.1 nd 28.1 nd nd 
44 25.4 27.3 nd 28.0 nd 27.8 nd nd 
45 25.4 27.3 nd 28.0 nd 27.8 nd nd 
46 27.3 28.6 nd 28.6 nd 28.4 28.6 28.5 
47 27.6 28.7 nd 28.9 nd 28.8 28.7 28.6 
48 25.9 28.5 nd 30.1 nd 30.3 29.3 28.9 
49 25.8 28.6 nd 30.2 nd 30.2 29.9 29.8 
50 32.5 30.3 29.0 29.0 29.0 29.4 28.3 29.0 
51 28.4 nd nd 29.3 nd 29.1 29.1 29.0 
52 28.3 nd nd 29.0 nd 29.1 29.5 30.0 
53 28.5 nd nd 28.6 nd 28.5 28.5 28.4 
54 28.6 nd nd 28.9 nd 28.9 28.8 28.8 
55 29.7 nd nd 30.1 nd 30.1 30.1 30.0 
56 28.7 nd nd 28.9 nd 28.8 28.8 28.8 
57 28.3 nd nd 29.0 nd 29.1 29.5 30.0 
58 28.3 nd nd 29.0 nd 29.1 29.5 30.0 
59 28.3 nd nd 29.0 nd 29.1 29.5 30.0 
60 28.3 nd nd 29.3 nd 29.1 29.1 29.2 
 
          Table Periodic change of temperature profile in 10% treatment 
Day T1 T2 T3 T4 T5 T6 T7 T8 
0 32.5 30.0 30.0 30.0 29.3 30.6 30.0 30.0 
1 38.5 46.8 49.3 50.4 48.7 44.8 49.1 45.9 
2 31.0 48.4 52.2 54.2 53.1 51.0 52.8 49.0 
3 35.0 45.0 52.1 53.2 49.3 48.2 52.9 48.8 
4 33.8 47.2 51.5 53.1 50.0 48.2 52.4 49.2 
5 34.2 45.1 49.4 52.4 49.6 47.2 50.1 47.0 
6 35.6 48.9 51.1 52.5 51.7 49.6 51.8 47.4 
7 29.6 44.6 46.1 47.1 46.8 46.6 46.5 44.1 
8 29.2 42.5 45.6 46.0 45.2 41.2 45.2 44.1 
9 30.6 38.0 42.0 45.0 44.6 44.8 43.9 42.1 
10 34.6 39.6 44.0 46.0 45.6 44.7 45.3 43.1 
11 31.5 41.1 42.0 43.0 42.0 41.7 42.1 41.5 







13 29.8 37.8 39.1 39.5 39.5 39.3 39.0 38.2 
14 30.9 36.6 38.4 38.7 38.7 38.6 38.6 36.9 
15 29.8 36.5 37.5 37.7 37.7 37.5 37.0 35.8 
16 34.5 36.8 36.9 36.9 36.8 36.6 38.0 37.0 
17 29.8 36.5 37.5 37.7 37.7 37.5 37.0 35.8 
18 26.8 34.1 36.3 36.4 36.5 36.0 35.7 35.0 
19 27.8 37.9 38.4 38.4 37.9 37.5 37.6 37.1 
20 29.4 35.8 36.8 37.0 36.5 36.3 36.8 35.1 
21 32.0 38.6 39.0 39.0 38.1 37.8 38.6 38.1 
22 28.5 36.0 37.0 37.1 37.0 36.8 36.9 35.3 
23 28.5 36.0 37.0 37.1 37.0 36.8 36.9 35.3 
24 32.3 33.5 33.8 33.8 33.5 33.5 34.8 34.1 
25 32.3 33.5 33.8 33.8 33.5 33.5 34.8 34.1 
26 32.3 34.5 35.0 35.2 35.0 34.8 36.5 35.1 
27 28.3 32.8 33.8 34.2 34.2 33.4 34.0 33.6 
28 28.1 30.9 31.1 32.0 32.1 32.1 31.4 31.8 
29 29.1 35.3 36.3 36.4 35.1 35.0 36.1 35.3 
30 31.4 35.1 35.6 35.8 35.6 35.6 36.2 36.8 
31 31.8 37.0 37.5 37.5 37.0 37.0 37.5 36.7 
32 31.3 36.0 36.5 36.6 36.6 36.5 36.8 36.5 
33 32.1 37.2 38.7 38.8 38.5 38.4 38.5 38.0 
34 32.1 37.2 38.7 38.8 38.5 38.4 38.5 38.0 
35 29.4 34.1 34.6 34.7 34.7 34.6 34.6 34.6 
36 29.6 34.4 34.7 34.9 34.9 34.8 34.8 34.6 
37 28.1 28.0 27.8 28.0 28.1 28.2 28.3 27.8 
38 26.2 29.0 29.6 29.6 29.6 29.6 28.8 28.2 
39 27.9 29.5 nd 30.1 nd 30.0 nd nd 
40 27.8 29.4 nd 30.0 nd 30.0 nd nd 
41 26.1 27.3 nd 28.8 nd 28.6 nd nd 
42 24.8 27.6 nd 28.0 nd 28.1 nd nd 
43 24.8 27.6 nd 28.0 nd 28.1 nd nd 
44 25.0 27.8 nd 28.2 nd 27.6 nd nd 
45 25.0 27.8 nd 28.2 nd 27.6 nd nd 
46 27.1 28.6 nd 28.7 nd 28.6 28.6 28.5 
47 27.7 28.6 nd 28.9 nd 28.6 28.6 28.5 







49 26.9 29.8 nd 30.3 nd 30.2 30.2 29.8 
50 29.0 28.8 28.6 28.7 28.8 29.0 28.2 28.6 
51 28.8 nd nd 29.2 nd 29.2 29.2 29.8 
52 28.8 nd nd 29.0 nd 29.0 29.2 29.8 
53 28.8 nd nd 29.0 nd 29.0 29.1 29.0 
54 28.8 nd nd 29.0 nd 29.0 29.1 29.0 
55 28.9 nd nd 29.1 nd 29.1 29.1 29.0 
56 29.8 nd nd 30.2 nd 30.2 30.2 30.1 
57 29.7 nd nd 30.0 nd 30.1 30.0 30.0 
58 28.8 nd nd 29.0 nd 29.0 29.2 29.8 
59 28.7 nd nd 29.1 nd 29.1 29.2 29.7 
60 28.4 nd nd 29.2 nd 29.2 29.2 29.8 
 
          Table Periodic change of temperature profile in 15% treatment 
Day T1 T2 T3 T4 T5 T6 T7 T8 
0 30.1 30.1 30.3 30.3 30.4 30.3 30.2 30.2 
1 35.8 45.4 48.4 51.2 50.9 47.6 49.9 47.3 
2 32.3 49.2 53.4 54.8 54.1 51.9 53.2 50.1 
3 33.1 45.5 52.4 54.2 52.4 49.3 53.3 50.1 
4 32.6 46.6 51.9 53.5 50.8 48.3 52.1 49.6 
5 34.5 45.2 50.8 52.2 49.2 48.6 50.6 48.5 
6 32.1 46.5 49.9 50.5 49.5 47.5 49.6 46.7 
7 30.4 44.8 47.8 48.0 47.8 47.6 47.1 45.3 
8 30.4 43.8 44.3 46.2 45.4 43.6 45.3 43.4 
9 30.8 42.8 45.8 46.1 45.8 45.6 45.3 44.1 
10 33.3 38.3 43.6 45.2 45.0 44.6 44.9 43.1 
11 32.9 41.0 44.6 45.1 45.0 44.3 44.2 43.6 
12 31.0 40.2 40.3 41.3 40.2 39.2 40.1 39.3 
13 29.8 38.0 39.1 39.1 39.1 37.8 38.5 38.1 
14 30.3 38.6 38.8 39.0 38.5 36.3 38.8 37.6 
15 29.8 32.9 38.0 39.1 38.6 38.4 38.6 37.6 
16 36.3 38.4 38.8 38.6 38.3 38.0 39.2 37.6 
17 29.8 32.9 38.0 39.1 38.6 38.4 38.6 37.6 
18 25.8 33.5 36.5 37.1 37.1 37.1 36.3 35.0 
19 28.0 37.0 38.0 38.1 37.8 37.8 37.1 36.1 







21 31.4 38.5 37.9 38.3 38.0 37.9 37.8 37.5 
22 27.7 34.3 37.3 37.3 36.8 36.3 36.8 35.2 
23 27.7 34.3 37.3 37.3 36.8 36.3 36.8 35.2 
24 32.4 33.1 33.6 33.6 33.6 33.5 34.8 33.8 
25 32.4 33.1 33.6 33.6 33.6 33.5 34.8 33.8 
26 30.6 34.1 34.6 35.0 35.0 35.1 36.1 35.4 
27 28.2 32.8 33.8 33.6 33.4 33.4 33.5 32.6 
28 28.3 30.1 31.1 31.3 31.2 31.2 31.0 31.0 
29 29.0 35.7 36.0 36.1 35.3 35.1 36.1 35.8 
30 32.3 33.4 35.3 35.3 35.2 35.1 35.0 35.4 
31 29.8 36.0 36.5 36.6 36.6 36.6 36.0 35.9 
32 32.1 35.6 36.0 36.1 36.1 36.1 36.2 36.3 
33 30.5 36.5 37.4 37.5 37.4 37.0 37.8 37.7 
34 30.5 36.5 37.4 37.5 37.4 37.0 37.8 37.7 
35 28.6 33.6 34.1 34.2 34.1 34.0 34.0 34.5 
36 28.7 33.7 34.6 34.5 34.6 34.2 34.1 34.5 
37 28.1 28.0 27.8 27.8 28.1 28.2 27.8 27.7 
38 26.4 28.1 29.0 30.8 30.8 30.6 30.6 30.1 
39 26.2 29.8 nd 30.8 nd 29.7 nd nd 
40 26.0 29.6 nd 30.8 nd 29.7 nd nd 
41 25.4 28.7 nd 29.1 nd 28.6 nd nd 
42 23.6 28.0 nd 29.4 nd 29.3 nd nd 
43 23.6 28.0 nd 29.4 nd 29.3 nd nd 
44 24.8 27.8 nd 29.0 nd 28.9 nd nd 
45 24.8 27.8 nd 29.0 nd 28.9 nd nd 
46 27.0 28.1 nd 28.6 nd 28.3 28.1 28.3 
47 27.8 29.1 nd 29.6 nd 29.3 29.1 29.3 
48 26.8 30.8 nd 31.3 nd 30.0 31.0 30.6 
49 26.8 30.8 nd 31.3 nd 30.4 30.2 30.6 
50 30.8 29.4 28.6 28.5 28.8 29.1 28.2 28.6 
51 26.1 nd nd 28.6 nd 28.6 28.6 29.4 
52 26.1 nd nd 28.3 nd 28.6 28.6 29.4 
53 28.4 nd nd 28.6 nd 28.6 28.6 28.5 
54 28.4 nd nd 28.6 nd 28.6 28.6 28.5 
55 28.7 nd nd 29.0 nd 29.0 29.0 29.0 







57 29.4 nd nd 29.6 nd 29.6 29.7 29.6 
58 26.1 nd nd 28.3 nd 28.6 28.6 29.4 
59 26.2 nd nd 28.3 nd 28.6 28.6 29.3 
60 26.4 nd nd 28.6 nd 28.6 28.6 29.4 
 
          Table Periodic change in no. (cfu/g) of general bacteria 
Day Control 5%  10%  15%  
0 1.1×105 1.1×105 1.1×105 1.1×105 
5 6.0×105 1.1×106 1.0×106 1.2×106 
10 4.0×106 1.0×107 1.8×107 1.3×107 
20 6.0×108 2.3×109 2.0×109 1.4×109 
30 8.8×107 1.1×109 1.2×109 1.2×109 
50 1.2×106 7.7×107 2.8×107 1.2×108 
60 1.2×104 2.3×105 1.6×105 1.3×104 
 
          Table Periodic change in no. (cfu/g) of coliform bacteria 
Day Control 5% 10% 15% 
0 3.6×105 3.6×105 3.6×105 3.6×105 
5 1.3×103 nd nd nd 
10 1.1×103 4.1×102 7.3×102 1.7×102 
20 6.6×104 9.0×104 5.3×105 8.1×105 
30 1.1×105 7.3×103 5.5×103 5.7×103 
50 3.1×103 nd nd nd 





         Table Periodic change in water content in the treatments (field) 
 Treatment 0 day 5 day 10 day 
Control 70.7 69.1 67.03 
Biochar treatment 69.7 67.03 67.1 
 








              Table Periodic change in pH in the treatments (field) 
Treatment 0 day 5 day 10 day 
Control 7.23 7.9 7.8 
Biochar treatment 7.86 8.01 8 
 
          Table Periodic change of temperature profile in Control 
Day T1 T2 T3 T4 T5 T6 T7 T8 
Air 
temp. 
0 21.9 23.0 22.1 23.2 24.4 23.0 24.1 22.0 17.0 
1 21.6 34.4 33.0 33.0 32.9 21.4 32.2 22.1 19.0 
2 22.3 41.1 51.4 51.2 43.7 23.2 42.5 22.7 18.0 
3 23.3 42.1 57.4 57.4 49.6 25.3 42.8 23.0 20.9 
4 24.4 42.7 58.6 58.7 52.4 26.9 43.7 23.3 20.0 
5 24.0 42.6 58.5 58.7 51.3 26.6 43.6 23.7 19.6 
6 24.8 42.7 58.5 58.6 49.9 26.4 42.5 25.3 21.4 
7 24.8 42.7 55.2 55.2 46.9 25.1 41.7 25.0 21.2 
8 25.2 39.1 49.4 49.4 39.7 24.0 40.1 27.6 17.6 
9 25.7 37.7 47.9 47.9 38.4 23.5 38.6 31.1 21.0 
 
          Table Periodic change of temperature profile in 10% Treatment 
Day T1 T2 T3 T4 T5 T6 T7 T8 
Air 
temp. 
0 21.9 23.2 22.2 23.3 24.2 22.5 24.1 23.0 17.0 
1 21.6 30.9 33.2 33.4 31.8 22.0 33.2 21.4 19.0 
2 22.1 40.2 45.9 50.6 37.9 22.6 42.5 23.2 18.0 
3 22.9 40.9 53.2 56.5 40.0 22.6 42.8 25.3 20.9 
4 23.9 40.6 51.3 56.2 40.0 22.6 43.7 26.9 20.0 
5 23.4 39.0 50.8 55.0 41.9 23.3 43.6 26.6 19.6 
6 24.2 38.4 50.0 54.4 40.3 24.2 42.5 26.4 21.4 
7 24.0 36.8 48.9 52.5 39.2 23.7 41.7 25.1 21.2 
8 25.2 35.6 46.3 47.5 38.3 24.4 40.1 25.0 17.6 
9 25.7 33.8 44.9 46.9 37.4 24.7 38.6 23.5 21.0 
 







          Table D-value, z-value and initial no. of E. coli 0157:H7 in cow manure 
D-value of E. coli 0157:H7 (Jiang et al., 2003) 





Temp.  ºC 
Z-value of E. coli 0157:H7 9.8 
Initial no. of E. coli 157:H7 in cow manure 105 cfu/g 








                  Figure Change in no. (cfu/g) of and coliform bacteria (C.B.)  
                       in 15% treatment 
 
After 5 days 
             0 day  
E. coli 1.10×10
5
, C.B. 3.6×10
5 
 
